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ON THE INHERITANCE OF SOME CHARACTERS 
IN WHEAT. I. 


BY 

ALBERT HOWAED, M.A., AJI.C.S., F.L.S, 

Imperial Economic Botanist, 

ANI> 

UABRIELLB L. C. HOWARD, m.a.. 

IcTsonal Assistant to tJic Impcridl Economic Botanist. 

I. INTRODUCTION. 

The investigations described in this paper form part of tbe 
work undertaken at Pusa during tbe years 1905 to 1912 in connec- 
tion with tbe improvement of Indian wheat. Tbe earlier practical 
results and those deaHng with classification are to be found in 
former papers. Tbe present account deals only with the informa- 
tion obtained on tbe laws governing tbe inheritance of tbe various 
characters in wheat and with the gametic factors which are in- 
volved in these characters. 

The results relating to the red colour of the grain, in which the 
occurrence of several factors was demonstrated, were obtained 
some years ago and were about to be published when the admirable 
investigations of Nilsson-Ehle' at Svalbf were made public. This 
information was in consequence held over until the experiments 
dealing with bearding and felting could be included. The results 
obtained at Pusa both confirm and extend the work of Nilsson-Ehlc 


1 Nilsson- Ehle, KreuzuiujxwitprmcJiungen an ?/■.«<? TFa/w?*, Litnd, 1900 ; Kreuzunf/x. 

'un1:er.xucliungen II, Lund, 1911, 


1 


INHERITANCE OP SOME CHARACTERS IN WHEAT 


as to the complex nature of the characters in wheat and the exist ^ 
ence of more than one factor in characters which to the eye appear 

simple. _ . ’ 

Nilsson-Bhle, starting from the standpoint of Batesons pie- ^ 

senceand absence hypothesis, has obtained very interesting lumltsat 

Svalof. He bases his conclusions on a study of wheat and oats aiu 
the characters investigated in wheat were chafi colour, giain co o ^ , 
ear form and resistance to yellow rust. His conclusions are biimn " 

up in the following paragraphs 

1. Characters which to the eye appear simple, for txami. . 

the red colour of the grain or chaff, may be complex am _ 

tain two or more factors. These factors may exis . m _ 

and each produces by itself a red colour and t us^ e ' _ 
in chaff or grain, even when simple, is not always due the san, ^ 
factor. When two red wheats are crossed, each contaimj^|eveia 
red factors, one of which is common to both, the resu t, in e 
generation, is a series of red tones which, althoug cis me , e e^.y 
accurate classification. Thus when the factors are numeioiis, 

the differences between them are small, a continuous series o, orms 

would result in the F;. , , th 

2. In the mode of inheritance there is no inherent Merenoe 
between qualitative and quantitative characters. In such quanti- 
tative characters as resistance to rust or length of the internodes of 
the raohis the behaviour of the various generations from the cross 
indicate the existence of several factors. The difhciilty in dealing 
with the inheritance of physiological characters such as rust resis - 
anoe and with characters concerned with size is the want of an 
analyser, that is, a wheat in which the particular character is totaUy 
absent. In studying the inheritance of red colour factors, a 
white wheat acts as an analyser. It is, however, impossible to use 
a wheat without height or size in investigating characters dealing 
with the dimensions of organs. Similarly, there is no ahsolntely 
rust resistant wheat which can act as an analyser for the stiic} o ' 
the factors involved in this character. Both qualitative and quan- 
titative characters may be complex and may be made up of several 
factors which are inherited independently. 
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3. Tile iiiiluence of environmeut is of considerable importance 
iu. the study of inheritance when the factors differ from each other 
by small amounts. The number of liomozygotic forms which are 
possible is expressed by the formula 2”, where n is the number of 
factors. Thus, if there are four factors, 16 homozygotic forms are 
possible. It is obvious that when the total number of factors in 
any one character is large the types of wheat will diSer from each 
other very slightly. Nevertheless these diSerences will be inherited. 
In studying this inheritance, how-ever, environmental differences 
supervene, and these latter may be greater than the inherited 
differences, hor example, in the study of inheritance of height 
in wheat the environmental differences may be greater than and 
so mask the inherited variations. 

4. The existence of so many factors and the occurrence of 
natural crossing' ' " are sufficient to account for the complexity of 
botanical varieties in wheat and for the existence of a large number of 
types which breed true and which differ from each other very slightly. 
Even a small number of factors by recombination aiiiong themselves 
is sufficient to produce a large number of types. Many of the 
characters of wheat have already been shown to owe their existence 
to several factors. Further work will doubtless increase the num- 
ber of these factors. (In the investigations described in the present 
paper relating to felted and smooth chaff and' to bearded and beardless 
wheats it is shown that at least four and possibly more factors are 
involved in each of these characters.) The various combinations 
of these factors among themselves would give a relatively enormous 
number of different wheats. 

5. The complexity of the characters in wheat renders it more 
than ever necessary that all studies in inheritance should be made 
with pure lines, that is, with cultures grown from a single parent 
plant. Such cultures, however, even if they breed true in all visible 
characters, may not necessarily be homozygotic, especially in 
physiological characters. In the present state of knowledge, 


1 Kiessling, FuhUng's land. Zeitnnq, Brl. 67, 190?, s. 7B7. 

Nilsson-Ehle, 1909, s. 16. 

8 Howard and Howard, Mem. Dept, Apr. in India (Bot, series), Vol. Ill, Xo. 6, 1910, 
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however, pnre b'nee are the best .nateiia.1 available for the 

'™*Three series of crosses with [iidiau wheats are involved in the 
investigations described in this paper, and m all cases the wor. 
was stoted ftom pure lines. The first was made ^allpur in 

1907 between various pure lines of Punjab wheats. le ]i.s, anc 

second generations of these crosses were grown at the Cawnpore 
Experiment Station* and the third generation at Pusa In tins 
series of crosses the F. plants of each cross were mixed, ' 

and F, plants were kept separate and sown and reapec p . i , 
plant. The second series of crosses was made at Pusa vuth i^rious 
pure lines obtained from local and other wheats which had heei, 
under observation for some years. In this senes the ! , p an .s wi.if 
kept separate, so that the full history of each cross can be tracec 
from each oross-fertiUzed seed. The third series of crosses was made 
at Cambridge in the summer of 1910, and the F, generation was 
vrown partly at Pusa .and partly at Cawnpore in the wheat season 
of 1910-11, while the second generation was grown at Pusa in 
1911-12. Tlie principal object of this latter series was to oitos 
European and American rust resistant wheats with various Indian 
lines of high gr.ain quality with the object of .securing hybrids of use 
in India, characterised by higher rust resistance and stronger straw 
than those at present grown. American Club, which was used by 
BiHen at Cambridge as a parent resistant to yellow rust, when 
oTown at Pusa proved to be very rust resistant under Indian 
Liditions, although it was a late form and did not complete its 
oTOwth period till well into the hot weather when forms like 
Einkorn are always attacked by black rust (P. gramims) sooner or 
later. Its late period of maturity prevented any crossing with 
Indian wheats at Pusa, so it Avas decided to attempt the work at 
Cambridge where the Indian parents were sown for ns by Professor 
Biffen as spring Avheats ,in 1910. The Indian Avheats developed 
A^ery feebly under English conditions, but sufficient pollen was 

1 Kor facilities at the Cawnaore Experimetii Station we take tins oppnri unity ^ of 
acknowledgiup mu- i.ulebtednoss to Mr, H. Martin Leake, Economic Botanist to the Tinned 
Irovinces, 
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obtained for crossing on to various Englisli and American parents j 
•siicli as American Club and Red Fife. We take tbis o^jportuiiitv 
of expressing our thanks to Professor Biffen for facilities given for 
the hjrbridizatioii work at Cambridge and for the sowing and care of 
the Indian cultures in 1910. 

Ill the conduct of hybridization work on wheat under sub -tropical 
conditions several difficulties have to be overcome which are not ex- 
perienced in Europe and America. At Pusa, wheats have to be 
grown on tin*, moisture stored up in the subsoil during the previous 
monsoon and the rainfall after sowing time is insignificant and. may 
lie nothing at all. Ail the generations have to be raised as a dry crop, 
arid the solving must be carried out without loss of moisture. Irri- 
gation tends to prolong the growth period of plants sown singly 
and to bring on rust. Any lengthening of the growth period of 
wheat is a great disadvantage in India as the plants are bound to be 
dried up by the hot winds before ripening can take place. The great 
difficulty is to grow the single seeds under conditions comparable 
with those obtaining in a field crop. For this it is necessary that 
the seed should be sown at the proper depth and the soil consoli- 
dated afterwards. Dibbling in the seed or sowing in furrows made 
by hand ploughs is not satisfactory as the plants do not root properly 
and do not stand up during the windy weather previous to harvest. 
Such plants also seem to develop a shallow root-system and require 
a considerable amount of irrigation water to maintain them. The 
best method so far found is to sow the seeds singly in furrows made 
by the plough, to cover them by hand and to consolidate the soil by 
a roller. This results in well rooted plants, but the disadvantage 
of too much space for each plant and consecpiently the prolonga- 
tion of the growth period into the hot weather, with the practical 
certainty of black rust and premature ripening, still remains. Until 
the various hybrids forms are fixed and sufficient seed has been 
obtained for a plot sown in tlie ordinary manner, it is impossible to 
say with certainty how tliey will behave under field conditions. 
Consequently hybridization work in India involves a very 
considerable amount of work in the testing of the new forms in 
plots. 
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Another disadvantage in iiidia concerns the examination and 
storage of the harvest. The wheat season is followed shortly by 
the monsoon when the damp hot air speedily spoils the wheat and 
brings on the conditions under which its complete destruction by 
weevils and moths is only a matter of a very few days. It is not 
possible therefore to work on the material of the previous harvest 
after June 1st, so that it frequently happens that the material of one 
harvest cannot be worked through before sowing time comes round. 
The crop therefore may have to be stored in safely over at least two 
monsoons. This is done by putting away the bundles of ears of 
the single plants, when thoroughly dried, in air-tight iron cylinders 
where they can be kept at least three years without damage or loss 
of germinating power. 

India, however, possesses one great advantage in this work, 
namely, cheap labour. The cost is only about ten per cent, of that 
of Europe, so that it is a simple matter to conduct the work on a 
large scale and to sow and reap at least 1,000 plants of each cross 
in the second generation. It will be seen that in crosses in which one 
parent contains a three factor character, this number is by no means 
excessive if the inheritance is to be worked out in anything ap- 
proaching thoroughness. 


11. FELTED AND SMOOTH CHAFF. 

The inheritance of the feiting of chaff in wheat has not pre- 
viously been worked out in any great detail. Biffen^ states in 
regard to this character “'The felted or velvety character is 
dominant, the glabrous recessive. ’ ’ In many cases the 3 : 1 ratio 
was obtained in the F.,, but in the case of Rivet crosses a series was 
met with in the Fi and a ratio of 223 : 116 hi the Fg. In the lA, 
however, the splitting was simple. Tschermak’’, in a mo re recent 
account, states that felting of the glumes prevails over smoothness, 
but that in many crosses the Fi is plainly intermediate and the 
splitting in the second generation is an impure one in which the 
various stages of felting stand to smooth in the ratio 3:1. In one 
case, where Rivet bearded was crossed with Saxon red, Rimpau 
mentions the total disappearance of felting in the hybrid, Pitsch* 
found in Felted Essex x felted Rouge inversable some smooth progeny 
in the Fg. The Svalof results agree with the Mendelian scheme 
and ratios of 2*7 to 1, 3*7 to 1 and 2*8 to 1 were obtained. In all 
cases the first generation was felted and in one case in the second 
generation of smooth. Svalof Extra Square head crossed with a felted 
wheat one intermediate plant was found. 

Complex Felting. 

In this section cases are dealt with in which the felting is due 
to more than one factor. The first four crosses witJi a felted wheat 
were made at Lyallpur in 1907 and in all cases a pure line selected 
from Punjab Type 9, a red wheat wdth densely felted chaff, was 
employed as one of the parents. This was chosen on account of 
its high yielding power and strength of straw while the other parents 

1 Bitfen, Jot/?'. iStiawf, 1, 1905, p. 2“}. 

2 Tschermalc, I)i« Zuclituwj dcr land. K'ult/in'jtjiancirn, IM. 11,1910 ; /rif. f, d. land, 
Vf.nuchmesen in Oesterreioh, 1901, s, 1029 

S Bimpan, Land. JaJtrh'uche^', 1891. 
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were white wheats with relatively poor straw. Later, a fifth cross, 
with the same felted parent, was made at Pusa and the second genera- 
tion w^as raised in 1911-12. The five crosses, in each of which the 
reciprocal was made, w^ere as follows : — 

1 . Punjab Type 9 (/3) x Punjab Type 16. 

2 . Punjab Type 9 Q3) x Mozaffarnagar white. 

3. Punjab Type 9 (/3) x Punjab Type 25. 

4. Punjab Type 9 (y) x Punjab Type 13. 

5. Punjab Type 9 (a) x Line H II 4 . 

a, /3 7 , denote similar pure lines from Punjab Type 9- 

In all these cases the Ei was intermediate and in the second 
generation the ratio of felted to smooth was 15:1. The felted plants 
formed a series and there appeared to be every possible gradation 
between plants like the felted and smooth parents. All that could be 
done was to group the plants round arbitrary standards, but many 
cases arose where a plant could, with equal justice, be placed 
in either of two groups. The ratios, felted to smooth, obtained 
in the second generation of these crosses are given in the following 
table : — 

Table I. 

The Fn generation, oj crosses hetiveen complex felted and 
smooth parents. 


Cross. 


No. of 
pliints. 

Felted, 

Smooth. 

Ratio felted to 
smooth. 

Punjab Type 9 («) <^ >; H II 4 ^ 

( 1 ) 

1S7 

127 

10 

127 ; 1 


(• 2 ) 

190 

176 

14 

12-6 : 1 

.) M 

(S) 

185 

171 

14 

12-2 : 1 

H Il^i 5 X Punjab Type 9(a ) 

(4) 

117 

108 

9 

12-0 : 1 


(5) 

175 

166 

9 

18-4 : 1 

Total 


804 

748 

56 

13>4 :T~ 

Punjab Type x Punjab Type 16 

^{a) 

601 

562 

39 

14-4 : 1 

.. 

( 6 ) 

587 

550 

37 

14*8 : 1 

Punjab Type 9(j8) ^ x Moz. White ^ 

(a) 

70S 

658 

50 

13*2:1 

1 . j> 

( 6 ) 

442 

411 

31 

13-2 : 1 

Punjab Type g x Punjab Type 25 

cl 

1,017 

961 

m 

17*1 : 1 

.. .» 

( 6 ) 

603 

667 

36 

15*7 ; 1 

Punjab Type ^(y) ^ x Punjab Type 13 

d . 

965 

917 

48 

19*1 : 1 

Total of all crosses with Type 9 


5,727 

5,374 

353 

15*2 : 1 

Esjieciutitjit 



r,pm 

3,5(S 


« and A* denote the iiunibers ( 

ibtained hy 

different observers 
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These numbers suggested the existence of two factors in the 
ieited parent and on examination under the binocular dissecting 
microscope it was observed that the hairs on the chaff of the felted 
parent were of two kinds — ^long silky and short hahs. The inter- 
mediate first generation showed on examination under the microscope 
that both kinds of hairs were present, but both were diminished in 
length and in density. From the fact that the ratio 15 : 1 was 
obtained in the Fg in all the crosses with smooth chaffed wheats and 
from the appearance of the Fi generation it appeared probable that 
these two sorts of hairs were each due to a single factor and were 
inherited independently. In this case, on Bateson’s presence and 
absence hypothesis, denoting the long factor by L L and the short 
factor by S S the scheme up to the Fg generation would be repre- 
sented by the following : — 

S S L L X s s 1 I ... ... ... [\u-ents. 


® ... ... B'irst yeneration. 

SSLL + 4SsLi + 2S8 I. L-f2SS LI , 

+ s .s L L -I- 2 s s L 1 + S S 1 1 + 2 S s 1 1 + s s 1 1 ) generation. 


On this assumption the appearance of these various classes in 
the F 2 gene.ration and the nature of the progeny in the .Fg would be 
those shown in the following table 


(1) . S S L L both kinds of hairs complete. 

(2) . S a L 1 both sets partly developed as 

in F,. 

(3) . SsLL long factor complete, .short 

factor partial. 

(4) . S S L 1 short factor complete, long 

partial. 

(5) . asLL long factor only complete, 

short absent. 

(6) . s s L 1 long factor partial, short absent. 

(7) . S S 1 1 short factor only complete, long 

absent. 

(8) . S s 1 1 short factor only partial, long 

absent. 

(9) , s s I i smooth. 


Ooiistajit like the Fg. 

Series like the Fg with felted to smooth in 
the ratio 15 : 1. 

All variously felted (SS LL + 2 Ss LL + 
sa LL). 

All variously felted (SS LL + 2 SS LI + 
SS 11). 

Constant like the F,. 


Felted : smooth : : 3 : I (s.s LL -+ 2 ss LI -f- 
ss II). 

Constant like the Fj. 


Felted ; smooth . ; 3 : 1 (SS 11 + 2 Ss 11 + 
8S 11). 

Constant like Fg. 


Although the existence of the various groups in the Fs could be 
demonstrated by means of the binocular microscope it proved im- 
possible to analyse this generation completely without an undoubted 
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lop-esentative of each da® as a staiidaTcl. This portion of tk- 
wLk was therefore defeixed and the h'o was first stuo ied as thorough- 
ly as possible in two of the four ci-osses-- Nos. 2 and 
page 8. A very largeiiumberof plantsinthe, <3 wei(^ .sr o(,,u )y 
eyfasrepresentativeof the whole seifes and in addition al the smooth 

specimens were gx’own. All the plants were sown seed by seed and 
tL resulting F, cultures were reaped plant by plant. .Ih e individuals 
of each of these V, cultures were then examined separately under 
the microscope. The results obtained in this examination ui cross 
No. 2 are given in detail in tables II to V . 




Table 11. 

The generation of a cross between a complex, felted and a smooth pdani. 

FBMISa IN THE Fa GBNBBATION, 


©1 i. i\a. 01 

V” Felting in Fs parent, plants in Long and Long and Long hairs Long hairs / . . 

-" 0 . JY short hairs short hairs complete, partial, short hong hairs 

complete. partial. short partial. complete complete, 
SS LL. SsLl. SsLL. ss LL. 


Long hairs Short hairs 
partial. complete. 

. ss LI, SS 11. 


Short hairs 



Smooth, 
ss 11. 



4? 

Long bail’s complete, 

66 

14 

39 


13 




short hairs partial 
(Ss LL). 


14 

28 





61 

do. 

57 


15 




do. 

73 

17 

36 


21 



139 

do. 

72 

16 

41 


15 



150 


68 

16 

39 


13 



101 

do. 

79 

20 

39 


20 



2.58 

do. 

72 

22 

32 


IS 



368 

do. 

70 

22 

34 


14 



302 

do. 

58 

17 

28 


13 



507 

do. 

69 

21 

38 


10 



609 

do. 

100 

33 

53 


14 



,686 

do. 

78 

23 

4.5 


10 



607 

do. 

86 

22 

44 


20 



713 

do. 

48 

12 

27 


9 



760* 

do. 

62 

18 

31 


13 



780 

do. 

83 

21 

39 


23 



818 

do. 

80 

18 

‘45 


17 



861 

do. 

70 

20 

34 


16 



863 

do. 

55 

16 

28 


11 



884 

do. 

72 

22 

33 


17 



880 

do. 

77 

21 

44 


12 



011 

do. 

88 

23 

43 


22 



995 

do. 

53 

13 

27 


13 




Total 

1,636 

441 

846 


349 




Expectation 


409 

SIS 


409 



162 

Long hairs partial, 

08 

27 


46 


25 



short complete 
(SSLl). 








272 

do. 

74 

22 


39 


13 

... 

338 

do. 

73 

15 


39 


19 


412 

do. 

74 

23 


40 


11 


579 

do. 

143 

46 


HI 


16 


040 

do. 

87 

29 


40 


... . 18 


975 

do, 

95 

11 

... 



31 



Total 

644 

173 


338 


133 



Expectation 


767 




161 


9 

Long hairs complete 

67 




67 


Uniformly 


(S8 LL). 







felted. 

,39 

do. 

all 




all 



65 

do. 

75 




75 


f,’,’ 

185 

do. 

65 




65 



681 

do. 

79 


... 


79 



724 

do. 

76 

... 



76 



771 

do. 

105 




106 




Total 


467 


467 

4S7 



Table III. 

The t\ generation of a cross between a complex feltei and a smooth plant. — (Continued.) 

■ Felting in the F3 gbneration. 


Plant 

No. 

Felting in F3 genera- 
tion. 

plants 

Long and 
short hairs 

Long and 
short hairs 

Long hairs 
complete, 

Long baits 

Long hairs 

Long hairs 

Short hairs 

Short hairs 


Ratio 





complete. 
SS LL. 

partial. 

Ss LI. 

short partial. 
Ss LL. 

oonapiete. 

SS LI. 

complete, 
ss LL, 

partial, 
ss LI. 

complete, 

SSll. 

partial. 

Ss 11. 

S.S 11. 

felted to 
smooth, 

10 

Long Iiair.s partial 

77 





21 

37 



19 

3-1 : 1 


(ss LI). 


88 






42 





IB 

do. 






19 



27 

2-3 : 1 

44 

do. 


77 





20 

43 



14 

4-5 : 1 


do. 


81 





18 

41 



22 

2-7:1 

53 

do. 


69 





28 

32 



9 

6-7:1 

150 

do. 


73 





18 

40 



15 

3-9 : 1 

193 

do. 


69 





■20 

31 



IS 

2-8 : 1 

•ill 

do. 


88 





23 

39 



26 

2-4:1 

218 

do. 


77 





19 

34 



24 

2-2:1 

256 

do. 


97 





24 

49 



24 

3-0:1 

285 

426 

do. 


73 





19 

39 



15 

3-9:1 

do. 


89 





22 

•41 



26 

2-4:1 

485 

do. 


133 





41 

53 



39 

2-4:1 

488 

do. 


110 





25 

56 



29 

2-8:1 

510 

do. 


114 





32 

51 



31 

2-7:1 

523 

do. 


78 





22 

37 



19 

3-1:1 

589 

do. 


108 





17 

60 



31 

2-5 : 1 

590 

do. 


81 





22 

38 



21 

2-9 : 1 

592 

do. 


92 





34 

38 



20 

3*6 : 1 

599 

do. 


69 





12 

34 



28 

2-0:1 

605 



94 





22 

44 



28 

2-4 : 1 

632 

do. 


95 





26 

42 



27 

2-5 : I 

636 

do. 


82 





17 

37 



28 

1-9:1 

666 

do. 


12s 





30 

68 



30 

3-3 : 1 

698 

do. 


86 





22 

44 



20 

3 -3 : 1 

707 

do. 


TO 





19 

36 



15 

3-7:1 

726 

do. 


115 





25 

54 



. 36 

2*2 • 1 

733 

do. 


69 





22 

36 



11 

5-3 ! 1 

739 

do. 


124, 





36 

59 



29 

3-3 ; 1 

791 

do. 


71 





15 

41 



15 

3-7 : 1 

S31 

do. 


88 





23 

45 



20 

34:1 

833 

do. 


118 





22 

61 



33 

. 2-4 : 1 

854 

do. 


102 





31 

49 



22 

3-6 : 1 

873 

do. 


90 





27 

46 



17 

4-3 :1 

892 

do. 


140 





,39 

75 



26 

4-4:1 

948 

do. 


117 





24 

62 



31 

2-5:1 

965 

do. 


108 





25 

54 



29 

2-7:1 

969 

do. 


68 





13 

33 



22 

2-1 ! 1 

983 

do. 


97 





22 

47 



28 

2-5:1 

985 

do. 


63 





20 

.33 



10 

5-3 : 1 

1004 

do. 


113 





30 

61 



22 

4-1:1 


Total 

ExpeMation 


3,781 





966 

1,862 

mo'5 



953 

9//S''3o 

2-9771 



Table IV. 

The generation of a cross between a complex felted and a smooth plant — (Continued.) 

Felting in the F.. gskbeation. 


Ratio 
felted to 
siuootli. 


No, of 

Felting in Fo parent, plants in Long and 
, P;j short hair! 


Long and Long and 
short hairs short hairs 


Long hairs 
complete, 
short partial. 


naSl'lhmt 1.»1S l‘“ts Xoog li.its Short huts Short hdia Smooth 


30 

Short and long hairs 

93 


partial (Ss LI). 

87 

60 

do. 

257 

do. 

SO 

267 

do. 

86 

317 

do. 

85 

401 

do. 

90 

406 

do. 

71 

SOB 

do. 

66 

867 

do. 

84 

931 

do. 

89 


Total 

831 


Expectation 


31 

Short and long hairs 

90 


partial (Ss LI). 

98 

59 

do. 

174 

do. 

83 

201 

do. 

80 

232 

do. 

93 

319 

do. 

81 

320 

do. 

91 

330 

do. 

57 

367 

do. 

79 

3S8 

do. 

120 

405 

do. 

73 

459 

do. 

74 

462 

do. 

89 

470 

do. 

122 

499 

do. 

87 

537 

do. 

.54 

541 

do. 

97 

544 

do. 

52 

581 

do. 

80 

593 

do. 

92 

611 

do. 

139 

624 

do. 

.51 

671 

do. 

92 

816 

do. 

74 

838 

do. 

94 

841 

do. 

79 

894 

do. 

101 

906 

do. 

93 

923 

do. 

129 

953 

do. 

117 

960 

do. 

97 

982 

do. 

77 

1000 

do. 

112 

1014 

do. 

93 

1019 

do. 

41 


Total 

3,912 


Expectation 





Table V . 


The generation oj a cross between a complex plted and a smooth plant.--{GQi\d\iimi:) 


Plant 

No, 


Felting in Fa parent. 


No. of 
plants 
in F,^. 


Pelting in the Fs generation. 



Long and Long and Long hairs Long hairs 

short hairs short hairs complete, partial, short 
complete. partial. short partial. complete. 
SS LL. Ss LI. Ss LL. SS LI. 


Long hairs Long hairs Short hairs 
complete, partial. complete. 

: ss LL. ss LI. SS 11. 


Short hairs 
partial. 
Ss 11. 


Smooth. 
S3 11. 


Ratio 
felted to 
smooth. 


5b 

Short hairs partial 
(S.s 11). 

82 

11 

do. 

128 

114 

do. 

79 

473 

do. 

105 

560 

do. 

54 

651 

do. 

90 

702 

do. 

72 

711 

do. 

81 

728 

do. 

86 

744 

do. 

m 

770 

do. 

128 

796 

do. 

97 

853 

do. 

65 

875 

do. 

68 

922 

do. 

23 

984 

do. 

121 

1,026 

do. 

94 


Total 

1,428 


Expectation 


19 43 20 3*1 !l 

27 77 24 4*3:1 

14 49 16 3*9:1 

29 53 2.S 3*6 : 1 

12 29 13 3*1 : 1 

18 39 33 1*7:1 

25 33 14 4*1 : 1 

20 37 24 2-4:1 

19 41 26 2*3 : 1 

15 27 13 3*2 : 1 

30 65 33 2*9 ;1 

26 43 28 2*6:1 

13 35 17 2*8:1 

15 .32 21 2*2:1 

6 12 5 3*6:1 

31 64 26 36:1 

m 4S 91 3-5 : 1 



W lllf S57 


15 

Short hairs 
complete (SS 11). 

95 

95 

71 

81 

81 

102 

... 58 

9S 

74 

ITniforraly 

felted. 

233 

do. 

71 


243 

do. 

81 


260 

do. 

81 ... 


373 

do. 

102 


665 

do. 

58 


787 

do. 

96 


968 

do. 

.74 




Total 

658 

658 



Expectation 


67 

Short and long hairs 
complete (SS LL), 

99 

99 

Unifomly 

felted. 

79 

do. 

112 

112 


106 

do. 

104 

104 


119 

do. ... 

103 

103 


1.3S 

do. 

99 

99 


153 

do. 


all ... ... ... 


184 

do. 

63 

63 


468 

do. 

77 ' 

77 ... . . ••• 


513 

do. 


all 


517 

do. 


all 


554 

do. 

66 

66 


58*2 

do. 

91 

91 


768 

do. 

103 

103 


830 

do. 

81 

81 ... ... — - 


844 

do. 

81 

81 ... ... ... 


959 

do. 

80 

80 


973 

do. 

67 

67 


990 

do. ... 

67 

67 

.... ■••• ..-'.I* . 


Total 

1,293 

1,*293 

. ' ' ...' ... ■: ■ 


Expectation 1,^95 
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It will be seen that the hh cultures could be divided into the 
following classes : — 

1. Cultures uniformly and densely felted derived from S S L L. 

' 2 . Cultures uniformly and lightly felted derived from s s L L 
and S S 1 1. 

3. Cultures with all plants felted, but not uiiiforinly, derived 
from S S L 1 and S s L L. 

4. Cultures with felted and smooth plants in the ratio 15 : 1 
derived from S s L 1. 

5. Cultures with felted and smooth plants in the ratio 3 : 1 
derived from S s 1 1 and s s L 1. 

6. Cultures all smooth. 

In dealing with the offspring obtained in the Eg generation 
from the various Eg plants, it was an easy matter to separate classes 
4, 5 and 6 from the others and from each other. It was also com- 
paratively simple to separate classes 1 , 2 and 3 from each other by 
the aid of the microscope. By examining a large number of plants 
in each culture it was not difficult to see whether the felting was 
uniform or not, and whether one or both kinds of hairs were 
present. The distinction between the two constituents of class 
3, namely, the cultures derived from plants of the gametic consti- 
tution B s L L and S S L 1 was not quite so simple. As was shown 
on page 9 plants of the constitution S s L L give in the Eg S S L L 
-i-2SsLL-l-ss L L (long hairs completely developed), while 
B S L 1 gives SSLL + 2SS Ll-lSSll (short hairs completely 
developed). The best means of distinguishing these lies in the 
well marked difference between plants represented by s s L L and 
S S 1 1. Glumes with the long hairs only and complete are easily 
distinguished under the microscope from those possessing the short 
hairs only, both by the length and also by the density of the hairs 
(the long hairs are more sparsely distributed than the short). On 
this rests the separation of the constituents not only in class 3 
but also in class 5. Had the two kinds of hairs been more alike, 
these classes could not have been subdivided. 

It will be seen on examining the tables of the Eg generation of 
this cross that the determination of the various classes of felting 
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involved tke microscopic examination of nearly 15,000 plants aiui 
that considering tlie difficulty of tlie work the numbers ol)tain(H,i 
correspond very fairly well with expectation. A considerable num- 
ber of cultures were examined in the class (SsLl), which gave the 
15 : 1 ratio, but time did not permit of the detailed examination of 
more than 831 plants belonging to 10 cultures. The ratio felted 
to smooth, however, was worked out for 3,912 plants belonging to 3o 
more cultures. There can be little doubt that had time permitted 
for the examination of these 3,912 plants they would have con- 
firmed the ten cultures of this class which were worked out in detail. 

The complete study of the Fg generation enabled us to examine 
the 1,017 plants of the F.,. After the examination of the F;, it was 
easy to obtain a representative plant of each of the eight classes of 
dffierently felted plants which occurred in the F^. By mounting 
a, glume of each of these representatives on a slide a set of standards 
was obtained by the aid of which it was possible to divide the ih; 
material into its constituents. A glume of each of the 1,017 F.. 
plants was compared with the standards and the class was deter- 
mined by inspection. The results are given in table VI and it will be 
seen that the figures obtained compare fairly well with expectation. 
Even with these standards it was sometimes difficult to determine 
the proper class to which an individual belonged. For example, 
in distinguishing plants of the gametic constitution S S 1 1 and s s 
L 1 the difference is mainly one of density of the felting, the partially 
developed long hairs being of almost the same length as the 
completely developed short ones. A similar difficulty arose with 
plants represented by S S L L and S s L L. 




TaULI! 


,,,, ,, . . r»W/)/r..’ /Wto/ 

l.lie r,, fpnierat'Km, of unotni'i 

Km.'I'lNi; IN TIIH K, fiHNKHA'I'liiN. 


i'’t!ll;ina' in 1'’.^ piiruni. iil:in|-.K in Li 
I*' 


partial. 


HI Loiiii' aaid Mliort liai 
i-fjinplnl.t* (SK 'fjLi. 
i.-: do. ... 

'.roi'Mi 


s 11 . 


IJniforn! 

L-.ltnd. 


Luii;^' anii slioi'l. hair.s 
pa.rtial (.Ss Id). 


U7 

IDli 


do. 

ISd 

do. 

tu 

do. 

ill 

do. 

ild 

do. 

It) 

ilo. 

ns 

(io. 

.89 

do. 

;ki 

do. 

Sri 

tlo. 

dS 

do. 

7S 


. Total 

Expentaf'ion 

.'H Lonj^' haifsi complete, 
slioi't partial (Ss 
LL). 


Loni; hairH partial, 
•slioi't. complete (SS 

Id). 

do. 

:!.“S do. 


•j.dS Loiva' liaii's partial 
(HH Id). 

tl'L* do. 

Total 

I'jXpfitiUiiitut 


dt'l Short hair?ic,omplt3tL- 

{SSd!). 



do. 

7S 


<lo. 

CO 

281 

do. 

11 s 

;!ii7 

do. 

CO 

Kid 

do. 

7S 


i Total 

:'d 1 

d" 

Short luur« iiavtiul 

n:; 


(SsU). 

nt! 

27)1 

do. : 

M2i; 

(to. ... 

85 

372 

do. 

!):! 

451 

do. 

■ 88 


gave felted ltro!Ai 


rornny only (SS 1,L and hs hh) 


gave felted progeny only iSi 


env only iSS IdL, SS Id and SS 11) 


(IS 

lid 

di:: 


4 

li 

Si; 

<w*d 


: f 

2S-7 ; 1 
t-d : I 
TU : i 
8 fi : 1 
12 -n : I 

10 -n : ! 


All felted 
but n 0 1 
iniiforra. 


do. 

do. 


;M 5 : 1 

”¥5 ~l 


All uni 
foiTiily felt' 
ed. 

do. 

do. 

do. 

do. 

do. 


::P‘» : 1 

1 

2*7 ; 1 
3 * 1 ) ; i 

:Pd I 


EiCpenfaldon 
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Table VI. 

Tiu' analysis of the Fs ge^ieraUon of crosses hetween rornplex 
felted fxnd smooth imrents. 



Piinjiib Type 2 

H II., ^ 190 13 50 19 19 10 23 U 28 14 

ExpeGtation. U'S It!) £).?•/' Tt9 23‘7 1th 

Punjab Type 9 ^ : 

Punjab Type 25 1,017 70 2fil 115 140 79 107 72 117 5li 

ExpmtMimi. CS-H H 04 m 127 63'5 127 63-a 127 BS'fi 

Totai. 1,207 S3 311 134 159 89 130 86 1 45 70 

ExpeotaMon. 7H SOtn IMhS foO'S 75'/, 150'S 75'/, IW'S 75'/, 

The cultures of the other cross on Punjab Type 9 which had been 
continued to the F 3 generation, namely, that on Mozaffarnagai- 
white, were not completely examined owing to want of time. This 
cross was not dealt with in such detail as in the previous case, but 
sufficient cultures were examined to show that in this case also the 
inheritance was the same as in the former. The results are given 
in table VII : — 
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Tlic unravelling of the F, in the lii'st cross how e]i;il)!(M! us lo 
(leal with another cross (No. 5 on page 8) in whii'h a jiurc^, Jini' 
from Punjab Type 9 was used as the felted parent. In this c‘ase th(^ 
F.^ mateihal was dealt with direct as the F., generation of tliis (‘tos.s 
has not yet been grown. One hundred and ninety F., plants wen* 
examined under the microscope and the ghiines were (mmpared wiii! 
the set of standards. The numbers obtained are given in the first 
portion of table VT above, and they are very close to those expected. 
In this cross the smooth parent was a pure line known ns H 11,^. 

Thus it has been demonstrated that in tiie case of Pnnjab Type 
9 the felting is composed of two kinds of hairs, each of which can 
exist separately and is inherited independently of the other. 

Anotlier case of complex felting, in which two kinds of liaij's 
are concerned, was met with in the second series of emsses mndi^ at 
Pusa. In this case the felted parent was apui'o line fi’oni tlu‘ durniu 
wheat known as Pusa 20, the smooth parent being the line of common 
wheat known as H Illj. In the Fj the felting was internuHliaIn, 
both factors being present, but both reduced in length and dimsit.y. 
Ill the Fs the hgures obtained were 481 felted to 36 smooth jjointing 
to the .15 : 1 ratio. Only 5.17 plants were grown in the F,, and tlic 
felted individuals formed a series as before. Tlu^ (h'tails so far ob- 
tained with this cross are given in the following tahh* : - 

Table VITI. 

yV/c F., fpniprafion of a r'7>o.9.s behrevn n. oo'inpirx j'r/fp<l dii.vii-in 


and 

a, smooth common n:hmf. 


Cross. 

No. 

of plants. 

Feltorl. Smooth. 

lidtio 

felted to smoot h 

H Tin f? ti} ... 

Gl 

58 3 

lOdl ; 1 

(«) .. 

110 

112 7 

10-0 ; 1 

(4) ... 

TH 

()(i 7 

')-4 : 1 

{;>) ... 

OS 

0(1 S 

ll-,'!: I 

Posh 20 c? (1) ... 

.Tl 

50 -1 

12T); 1 

(“2) ... 

of) 

55 ! 

i:i’8 : I 

(4) ... 

TOTAIj ... 

53 

r>rr 

.50 :! 

4H1 :1(; 

IU'7: 1 

13- 4 .- 1 

E'xpettalion 


4S/r rina 
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A iniirjved. cliii'creiice between the short hairs in Pusa 20 and 
those in Punjab Type 9 was noticed. In this cross in the wheats of 
the gametic constitution S s 1 1 the short hairs almost disappear 
and it is only with the greatest difficulty that these forms can be 
distinguished from those with smooth glumes.. This extreme 
reduction of short hairs in the Fi was met with again in one of the 
cases of simple felting referred to below^ It would therefore appear 
probable that the short hairs in Pusa 20 are not due to the same 
factor as those in Punjab Type 9. It is also improbable; judging 
by appeai^ance, that the long hairs in both these wheats are identical, 
the long hairs in Punjab Type 9 being much denser and longer 
than those in Pusa 20. It is therefore probable that we have four 
different kinds of hairs, each due to an independent factor and 
inherited, separately, but this can only be proved by further experi- 
ments. In Pusa 20 both the kinds of hairs do not difier very widely 
and it will be much more difficult to analyse the Fg generation 
than in the crosses with Punjab Type 9. 

Simple Felting. 

In two of the parents with felted chaff only one class of hairs 
was distinguished under the microscope, and in both cases the 3 : 1 
ratio was obtained in the F,.. The felted parents in these crosses 
were lines selected from common wheats and are described in the 
records as B XI 77 and Pusa 4. The hairs on these wheats, when 
directly examined, appeared to be different, and this was confirmed 
by their behaviour in the Fi. In the Fi from Pusa 4 the same pheno- 
menon as in the crosses on Pusa 20 was observed, namely, the almost 
total disappearance of the hairs, while in the Fi from B XI 77 the 
felting could be seen by the naked eye. If the felting factors in 
these two wheats are different, a cross between them would give 
smooth progeny in the F.^. The actual experiment, however, has 
not yet been carried out. The details of the second generation of 
the a].)ove crosses are given in the following table - 
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Table IX. 

The genera, f.io-ii. of crosses betwecAL simple felled and 
smooth iKf/rents. 

FEi/rEn. 

('ROSS. ^ — : ' Smooth. Ratio. 

Fnlly. IJcrhtly. 


liXl 11 $ X HL r'? (1.) 

194 

48 

100 

46 

1 

2*2 : 1 

„ (2) 

227 

,56 

117 

54 

I 

2-2: 1 

(3) 

233 

.59 

95 

79 

•7 

1*2: 1 

HI,! $ xBXl77r? (5) 

*253 

59 

124 

70 

•8 

1*8 ; 1 

Tot A I. 

907 

222 

436 

249 

•9 

1*8 : 1 




65S 

*249 


2*64: I 

lixp^aaiUm 


m 

rs 45S'S 

33(>‘75 






CM 

f2S7 . 



Aiiiorioan 01al> $ x Pusa 4 d (H 

\m 

32 

77 

47 

•7: 

1*0 ; 1 

.. „ (2) 

177 

34 

9.5 

48 

•7: 

2*0 : 1 

„ ' (3) 

195 

43 

10,5 

47 

•9 : 

2*2 : 1 

„ ' M <4) 

124 

27 

64 

33 

•8: 

1*9 : 1 

<3) 

193 

47 

98 

48 

1; 

24) : 1 

(6) 

*216 

51 

109 

56 

•9: 

1*9 : 1 

Total 

1,061 

234 

548 

279 

•8: 

2*0: 1 




782 

“279 


2*8 : .1 

Biffon’s hybrifi ? x Pusa4d (1) 

1.5S 

37 

79 

42 

•9: 

1*9 : 1 

(2) 

178' 

48 

88 

42 

1*1 : 

2*1 : 1 

(3) 

110 

26 

56 

28 

•9: 

2-0: 1 

M (4) 

115 

.36 

47 

32 

1*1 ; 

1*5 : 1 

(5) 

221 

55 

111 

.55 

1: 

2'0; 1 

(6) 

197 

49 

103 

45 

FI; 

2*3; i 

Total 

979 

251 

484 

*244 

1: 

2*0 : 1 




735 

241 

3 : 

1 

Total of both crosses with Fusa 4 

2,04(1 

485 

1,032 

523 




1.,51 r)2:t 1. 

1,5SQ 510 - 
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Thus it has been shown that the felting on the chaff of wheat 
is due to the presence of different kinds of hairs, one or more of whicJi 
may be present in the same wheat. In all our investigations up to 
the present each kind of hair has been shown to be due to a single 
factor and to be inherited independently of any other kind of hair 
present. The microscopic comparison of the wheats Pusa 20 and 
Punjab Type 9, and also the breeding experiments make it probable 
that though each wheat contains two kinds of hairs differing in 
length, none of the hairs are alike. This gives at least four kinds 
of hairs and four different factors in two wheats only. 

These results led to the examination under the microscope of a 
large number of other felted wheats, when some interesting observa- 
tions were made. It was found that the differences in the length 
and density of the hairs composing the felting are more numerous 
than would be supposed, and it was found without exception that all 
densely felted wheats contained two different kinds of hairs, one of 
which was long and to which was due the densely felted appearance. 
A large number of macaroni wheats from all over India were 
examined and in all cases two kinds of hairs were present. 
With the exception of Pusa 20 and Sindlii of Partabgarh, all 
the Indian durums examined possess a peculiar long silky tomen- 
tose type of hair as well as short hairs. These long hairs are 
absolutely distinct from the long hairs of Punjab Type 9. 
As no breeding experiments have been carried out with these 
wheats, it is impossible to say whether these hairs are in- 
tensified forms of other long hairs or whether, as is more probable, 
they are due to an entirely new factor. In the common wheats 
examined the felting Was found to be simple, but in these cases the 
different wheats were found to possess hairs of different length. It is 
probable, in the light of the experience already obtained, that these 
will be found to be different and to be due to several factors. 

As an example of the diversity of the nature of the felted chaff 
in wheat, the results of an examination of the wheats of the Punjab 
may be given. In 1908, the wheats of this Province were shown to 
belong to 25 distinct agricultural types among which there are 8 
felted kinds. 
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Punjab Type 1.* 

Punjab Type 2. 
Punjab Type 5. 
Punjab Type 8. 

Punjab Type 9. 


Punjab Type 17. 
Punjab Type 18. 


Punjab Type 19. 


T. dunmi Two kinds of hairs one short, one 
very long and silky. 

T, chirmn Same as Type I. 

T mnpactnm Short hairs only. 

T. tmlffare bong hairs only, but fche.se are not 
nearly as long or as silky as 
those on the macaroni wheats, 

,, Two kinds of hairs, long and 

short ; the long hairs quite dif- 
ferent (shorter and le.ss silky) 
than those on Types 1 & 2. The 
long hairs on this type may be 
the same as those in type 8. 

„ Long hairs only as in Type 8. 

„ Short hairs only present, but these 

are different in appearance to 
the short hairs present in 
Type 9. 

„ Short hairs only present. From 

their appearance those may be 
the .same ixb thoso in Type 9. 


The felting of the glumes of wheat is therefore a much more com- 
plex character than has hitherto been considered, and the total num- 
ber of factors involved in this character is considerable and much 
larger than would be supposed. Considering that a microscopic 
examination of this character is sufficient to disclose several sorts 
of hairs, it is surprising the complex nature of felting lias not 
been observed before. Possibly the explanation of this is to be 
found in the fact that double felting seems to be commoner in maca,** 
roni or wheats derived from these than in wheats of the Northern 
temperate regions where much of the wheat breeding work has been 
done. 

On looking through our collection of European felted wheats 
two sets of hairs were distinguished in the following Rivet 
wheats : — 

Ble Nonette de Lausanne. 

Poulard d" Australie. 

Petanielle noire de Nice. 

Bid de miracle. 

In all the .European common wheats with velvet chafi which 
we have examined only one set of hairs was observed in any wheat, 
but the kind of hairs in these wheats was not always the same. 

‘ Howard & Howard, of the, Dept, of Ao)'. in India (Bot, Swie.H), Vo!, iL 

No. 7, 1908. J J 
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The only felted common wheat, in which we have so far found 
two sets of hairs, is Punjab Type 9. 

The demonstration of the complex nature of felting is of im- 
portance from the systematic point of view. Wheats with different 
sorts of felting can no longer be placed in the same botanical variety 
and the present accepted classificatory schemes will need some en- 
largement. The final r praveliing of this character, however, can 
only be done by breed.’^g experiments a work of some magnitude. 



III. SKAIN COLOUR AND CHAFF COLOUR. 

Grain Colour. 

The inlieritance of the red colour in wheat has been investigated 
in great detail by previous observers. Biffeid found that red was 
dominant over white and obtained the 3 : 1 ratio in the Fg. Tscher- 
maF states that red, brown and violet grain colour prevail^ over 
white and that after an intermediate pure and impure splitting 
in the Fg takes place in the ratio 3 : .1. Both Tschermak and Nils- 
son-Ehle found that in certain crosses between red parents 
white grained individuals were produced in the F. thereby showing 
that the factors in each red parent were not the same. ^ The most 
detailed investigations on this character are those of Nilsson-Ehle“ 
at Svalof, who in addition to the simple splitting observed by Biifen 
and others, found ratios of 15 : 1 and 63 : 1 in the Fg, which were 
proved to be due to the presence of two and three factors respective- 
ly in the red parent. Each of these factors was found to be capable 
by itself of producing the red colour. These red parents with multiple 
grain colour factors were selected from old country varieties and 
were found to be exceedingly hardy and to be less liable to sprouting 
in the ear than white forms. 

In our experiments on the inheritance of the red colour of the 
o'rain we have found that the Fi is always red, but the tone of colour 
is intermediate and lighter than that of the red parent. In the F ,, 
the following ratios of red to white were obtained. 


1 Biffen, Z.C. 

2 Tschermak, Lc. 

5 Nilsson^Ehle, l,c. 
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Table X. 

The Th generation of crosses ivith single and double red factors in 
the red ijarent. 


Cross. 

No. of 

Grain Colour. 

Ratio. 

Plants. . 

Red. 

White, 

Biiien’s hybrid $ x Pusa i d (1) 

153 

110 

43 

2-6 : 1 

(2) 

176 

140 

SG 

3*9:1 

(S) 

109 

87 

22 

3*9 : 1 

w 

112 

89 

23 

3*8 ;1 

(3) 

221 

179 

42 

4-2 : 1 

(6) 

193 

141 

54 

2*6: 1 

Total 

966 

746 

220 

8*4 : 1 

Expectation 


7U'5 

^400 


B XI 77 $ X H l2 d (I) 

194 

139 

55 

2-5 : 1 

,, M (-) 

227 

177 

50 

35 ; 1 

n 

233 

183 

50 

3-6 : 1 

Hl2$xBXI77cJ (5) 

253 

190 

63 

3-0 : 1 

Total 

907 

689 

218 

3*2 : 1 

Expectation 


6S0-S5 

nc'iB 


Punjab Type 9 $ {a)HIl4 d (1) 

137 

119 

18 

6-6 : 1 

„ (2) 

189 

183 

6 

30*6 : 1 

„ n (3) 

185 

176 

9 

19*5 : 1 

HIL $ X Punjab Type 9(a) c? (4) 

117 

114 

3 

38*0 : 1 

» 03) 

176 

166 

10 

16-6 : 1 

Total 

804 

758 

46 

16*5 : 1 

Punjab Type 9 (fi) a x Punjab Type 16 c? (a) 603 

567 

36 

15-7 : 1 

5> ” 

(5) 567 

539 

28 

19 *2 : 1 

Punjab Type 9 (0) $ x BIoz. White 

^ (a) 705 

661 

44 

15*0 ; 1 


(6) 441 

403 

SS 

10-6 : 1 

Punjab Type 9 (/^) $ x Punjab Type 25 (a) 1.020 

961 

59 

16*3 : 1 


(6) 591 

54.3 

48 

11*1 :T 

Punjab Type 9 (7) $ x Punjab Type d 

987 

907 

80 

11*3:1 

Total of all crosses with Type 9 

5,718 

5,339 

379 

14-08 : 1 

Expectation 


B,S60-6 

SBl'4 
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Table XI. 

The, Fo qeneration of crosses hetween a three Jactm '}ul and 
ivhite parents. 

COLOUK. _ 

Red. White. 


Cross. 

Aniei'icati Club $ 


No. of 
Plants. 


Ptisa 4 cJ (1) 

( 2 ) 

(3) 

H) 

(5) 

( 6 ) 
Total 

Eicpectation 

American Club $ x Pusa 6 6 (1) 

( 2 ) 

(3) 

, (i) 

, (5) 

m 

Total 

Expectation 

American Club $ x Pusa 22 6 (1) 
( 2 ) 

(3) 

(4) 

(5) 

(6) 

Total 

Expectation 
with American ( 
Expectation 


155 

152 

3 

50'/ : i 

176 

170 

6 

28*3 : 1 

195 

190 

5 

38-0 ; 1 




61-0 ; 1 

124 

122 

“ 


192 

187 

5 

37-4 ; 1 

216 

213 

3 

71-0 ;1 

1.058 

1,034 

24 

43'1 : 1 


IMl'S 

lli’S 


132 

1.31 

1 

131-0 -.1 

211 

208 

3 

69-3 ; 1 

178 

175 

3 

58-3 : 1 

97 

96 

1 

960:1 

ISO 

179 

1 

179'0: 1 

201 

199 


. 99'5:1 

999 

988 

n 

89-8 :1 


9So-f> 

t5'5 


122 

117 

5 

23‘4 : 1 

165 

163 

2 

81’5 ; 1 

192 

190 

2 

95-0 ; 1 

75 

69 

6 

11-0 : 1 

147 

147 

0 

147 '0 ; 0 

176 

174 

2 

87- 0: 1 

877 

860 

17 

50-6 :1 


S6S‘3 

13- 

7 

[, 2,934 

2,882 

52 

55*4:1 


2,SS8-S 

45‘ 

s 


Itwillbeseentliattliree distinct kmds o£ spKtting were obtained 
ard that the numbers point to the 3 : 1, 15 : 1 and 63 ; 1 
Tke 15 : 1 xatio was obtained in all the crosses in which Punjab Type 
9 was one of the parents thereby indicating the existence of two red 
factors in the grain colour. The 63 : 1 ratio was observed m all 
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the crosses in which a pure line of American Club was one of the 
parents. It wffl be observed in the figures relating to these ratios 
that eighteen plants belonging to three crosses were grown m tne i 
that the mean ratio of red to white was 66-4 to 1, and the tou 
number of plants involved was 2,934. Taking the progeny of the 

F, plautsseparatelyitwillbeseen theratios varied betwee n U o to 

and 179 : 1, while in one culture all the 147 plants had rec giam. 

The greatest number of plants in any one culture was 216 aiu 

® -1.1- fnllmvinCf tairCS 


: case 

are 

of interest : — 

(a) F., 

, 78 I 

•ed 0 w 

diite. 

(b) „ 

SO 

0 


(c) .r 

4 0 

i. 0 


(cl) 

31 

M u 

» 

(e) „ 

86 

0 


(f) „ 

110 

„ 0 



0H15 white x Swedish felted red 


Investigation of the thhd generation showed that in reality three 
red factors were present in the red parent and the F, should Im 
vtn "of 63 : 1 instead of all red plants. The Pusa lumbers 
Ik undoubtedly better than those quoted from Svalof, nevertheless 
•+ a mistake to grow only some 200 or so individuals fiom each 

F plant. It would have been better to have made a con-espoiiding 

reduction in the total number of F, parents^ 

In the case of some of the crosses with Pun ab iype ^ 9 wm 
flip 15 • 1 ratio in the Fo, the cultures have been carried on to 

the f obtained are now bemg 

“ t t thi d"L^ On examining the gi-ain of a 
pownin ° , j^t,^yohexhibitedthel6:lratiofi was 

large iinmbei of th 2 P _ i 4 .V,of those with red gram 
observed that they formed ^ ^ ^ to tones as dafk as 

varied in colour feom a very light the felted 

the parent. A similar state o ^ ^ but with the difference 

chaff of these crosses was therefore ohtai > ^ j 

that no morphological characters correspondmg to 4he Wo 

" “IS™ *. .» .t. ~»". 
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resulting liarvest examined These plants gave rise in the 1^;; to tin,' 
following classes : — 

1. Cultures in which plants with red and white grain ()cciu'“ 

red in the ratio 15 : 1. 

2. Cultures in which plants with red and white grain occur- 

red in the ratio 3 : 1. 

3. Cultures in which all the plants had red grain, the red 

colour being uniform. 

4. Cultures in which all the plants were red grained, but the 

red colour was not uniform in tone. 

5 . Cultures in which all the plants were -wliite grained. 

The presence of two independent red factors, indicated by the 

ratio obtained in the Fg, Avas therefore confirmed by the behaviour 
of these plants in the Fg. 

Eepresenting the two red factors by and Eg we therefore get 


the following 

scheme : — 


Parents 

hi 11 3 X 

ri 1-2 

F, 

1 

Fi I’j 

1 

R 2 r* 

Fs El Rill 

+ 2Ri 

1 

D Ra + J-l I’l 1-2 ^2 + Rl 
Rj R 3 I’g. 2 Ri ri 1*3 1*3 

Rl ^’3 ^’3 4" I’l Tl Rg Rg 4* 2 R.J I’l Bg I 
-P 2 I'l I’l Rg I’g -p 4 Rl I’l Rg 1*3 

The appearance and mode of inheritance in these 9 classes 
given in the folioAving table : — 


Appearance of 
grain in Fg. 

Grain colour in Fg, 

El Ri Rz Ra 

red 

red, uniform in tone. 

rx ra r* 

white 

white, uniform. 

El R, i '2 Vj 

red 

red, uniform in tone, 

ri I’l Eg Ra 

red 

red, uniform in tone. 

El Vi Eg Eg 

red 

all red but not uuiform. 

Ri Ri Rj r. 

red 

all red but not uniform. 

El fx I’a I't 

red 

red and white in the ratio of .3 : 1. 

ri Ti Ej i\ 

red 

red and white in the ratio of 3 : 1. 

El I'j Ej Vj 

red 

red and white in the ratio of 1 5 ; 1 . 



PLATE. 


Compound curve 
Punjab Type 9x Moz.WhiLe 
. Punjab Type 9 x Punjab Type 2.5 
Punjab Type 9 x Punjab Type 1 6 


THC DISTRIBUTION OF RLD TONES IN THE 
SECOND GENERATION 
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As mentioned above the fact that the two red factors both pro- 
diice a red colour makes the identification of these varioirs classes 
impossi])le. Nevertheless it was found possible to isolate the two 
factors. In order to assist in the analysis of the hh it was decided 
to form a set of arbitrary standards by selecting all the tones of red 
occurring in this generation and to assign all the plants to classes 
represented by these standards. Twelve definite shades of red were 
obtained which covered the whole range of tones. In appearance 
standards 1, 2, 3, were a very pule yellowish red passing by degrees 
to the full red of 8j 9, 10, 11 and 12. Although grain belonging to 
standard 1 can always be distinguished with certainty from white 
grain, nevertheless the colour is so faint that it is more yellow than red. 

In classifying the generation the grain of the twelve stand- 
ards was placed in watch glasses on white paper in a good north light 
and. the grains of the remaining Ih plants were matched singly and 
their respective places in the series determined. 

’ The distribution of the Fa plants as regards the tone of colour of 
the red grained individuals is given in the following table and again 
graphically in Plate I. The red curve is compounded of the three single 
curves given by three crosses.— 


Cross. 

No. of 
plants. 





Red STxVNDaeds. 






i 

2~ 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Punjab Type 9 












X 


Fj of all crosses 






X 








Punjab Type 9 x Punjab 
Type 16. 

594 

S 

21 

98 

107 

91 

102 

46 

22 

21 

15 

24 

3 

Punjab Type 9 x Moz. 
white. 

705 

9 

34 

86 

178 

109 

70 

70 

54 

20 

15 

1,3 

3 

Punjab Type 9 x Punjab 
Type 25. 

954 

13 

27 

137 

120 

184 

78 

105 

68 

96 

20 

42 

6 

Total 

2,253 

30 

82 

321 

405 

384 

250 

221 

144 

137 

OCI 

79 

12~ 


It will be observed that in the graphic representation the twelve 
red tones have been assumed for the sake of convenience to differ 
from one another by an equal amount. This is probably not the 
case, but does not affect the argument. For all the crosses the 
numbers have been calculated for 500 plants in order to make the 
comparison of the curves easier. 
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The red grained parent, Punjab Type 9, was found to be identical 
with the eleventh standard and the in all cases was inttrana ia 
between standards 5 and 6. The bulk of the plants in tlie h. ap^ 
pear in the centre of the curve. The curves obtained from the 
individual crosses agree very fairly well with each other and with . le 
compound curve, especially if the difficulty of matching these slightiy 
varying shades of red be taken into account. All the observations 
on this ciuestion both in the F^ and F^ generations were carried out 
by the same observer in order to minimise the personal equation. 

A large number of lA plants, representative of all the various 
tones of red in the series, were then sown singly seed by seed and tlic 
resulting harvest examined in the same manner as the lA. By this 
examination it was possible to identify the two shades of red repre- 
senting the two factors E, and E, and to isolate wheats which, in all 
probability, contain each factor singly. It was found that the H;; 
cultures derived from Fg plants with grain belonging to the classes 
represented by standards 1 and 2 in all cases gave a ratio of 3 red 
grained to 1 white grained plant, the darkest red tone obtained being 
never higher than 5. The F., plants represented by standards 3 
and 4 also gave the 3:1, but in each case some plants bred true to 
red and gave uniform progeny with pale red grains. A few plants 
giving the same pale red uniform progeny were also derived from 
standard 5, but generally speaking after standard 4 there is a distinct 
change in the nature of the Fh cultures. Eatios of 15 red grained 
to 1 white, were obtained from standard 5 as well as some with 3 red 
to 1 white, but in this case the red tones ranged as high as standard 9. 
It is clear that in the region of the curve, in which standards 3 and 4 
occurred, one of the red factors was to be found and this was repre- 
sented by the pale constant reds obtained. The pale red F., plants 
represented by standards 1 and 2 which gave the 3 : 1 ratio must 
have been heterozygotes of the pale red and white gametes. In a 
similar manner many uniform red plants occurred at 9 and a few 
at standard 8. These were a full red and represented the other red 
factor. The plants in standard 5 which gave the 3 : 1 ratio with 
red tones up to standard 9 must have been heterozygotes of the dark 
red and white factors. The reds which were not uniform were met 
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with from standard 5 onwards, some ranged from 3 to 11, others 
from 9 to 12, and these must have been heterozygotes containing 
both the red factors. Thus the two red factors in the original parent 
have been isolated, the pale red factor corresponding to standard 4 
and the darker red to standard 9. When both are present a dark ]:ed 
grain is obtained correspondhig to standard 11, the tone of the 
original parent. The five sets of the heterozygotes are always inter- 
mediate in tone and witli the four constant forms complete the seiies. 

The large pi^eponderance of plants between standards 3 and (3 is 
easily explained by the occurrence at this point of the following 
forms — Ri ri R- rg, Rj Ri lo n,, and Ri Ri Ro n. It will be seen 
that secondary maxima occur at 9 and 11 corresponding to the pure 
dark red factor and the two red factors combined. 

Chaff Colour. 

The investigations hitherto published on the inheritance of 
chaff colour are summed up by Tschermak in the 1910 edition of 
Bie Ziiclitung der land. Kultufpflanzen. 

In the five crosses we have made between red and white chaffed ^ 
wheats, the results have been similar, and in all cases, after an inter- ^ 

, < , , i 

mediate F^ generation, simple splitting in the ratio of 3 red to 1 white * 
was obtained in the F.. The results of the examination of 4,722 , 
plants belonging to these five crosses are given in the following' 
table 

Table XIL 

TJte fjeneratlon of co'osses betiveen red and white chaffed pare) Us. 





No. of 
plants. 

Chaff Colouk. 

Ratio. 


Cross. 


Red. 

White'. 

A 88 $ 

X Pusa 22 d 

(1) 

168 

120 

48 

2‘5 i 1 



(2) 

247 

19.3 

.54 

3-6 : 1 



(3) 

258 

1*8 

70 

2-7 : 1 

Pnsa 22 

$ X A88 

(4) ' 

117 

S3 

.34 

2-4 : 1 



(5) 

196 

145 

51 

2-8 : 1 



Total 

9 ^ 1 ” 

729 

257 

2-8 : 1 


Expaclation 


Eirro 

24 C-S 
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/ Table l&.ll~-continued. 

The T, generation of crosses hetiveen red and ivhite chafed 
continued. 


, CEOS3. 

No. of 
plants. 

Chafi-’ C01.0U11. 

Red. White. 

Ratio. 

B XI 77 $ X HL c? . (!) 

194 

151 

43 

3-5: 1 

(2) 

227 , 

175 

52 

3-4 ; 1 

(3) 

233 . 

190 

43 

4*4: 1 

eii ? X BXIrr 6 (5) 

253 

1S9 

64 

29 :1 

Total 

907 

705 

202 

3-5: 1 

Expectation 



OSH'To 


Amei-icau Club $ xPusa4d' (1) 

15(3 

120 

36 

:C3: 1 

„ >. (2) 

177 

136 

41 

3-3 : 1 

(3) 

195 

14(3 

49 

3'0 : 1 

.. w 

124 

95 

29 

3-3 : 1 

„ » (5) 

192 

139 

53 

2-6: 1 

(6) 

216 

164 

52 

3*1 : 1 

Total 

1,060 

800 

260 

3'1 ! 1 

Expectation 


705 . 

205 


Punjab Type 9 (a) $ x HIE S (1} 

137 

106 

31 

3*4: 1 

(2) 

189 

130 

59 

2*2: 1 

M M (3) 

185 

138 

47 

2*9: 1 

H in $ X Punjab Type 9 (o) 8 (4) 

117 

87 

30 

2*9: 1 

(5) 

176 

134 

42 

3*2 i 1 

Total 

804 

595 

209 

2*8 : 1 

Expectation 


60S 

201 


Punjab Type 9 (y) 9 x Punjab Type 13 6 

965 , 

741 

224 

3-3: 


94025 


Expectation 


7ir73 


IV. THE PEESENCE AND ABSENCE OF AWNS. 

The inlieritance of awns in wheat has been investigated by 
several observers and the results obtained are to be found in 
von Tsohermak’s summary in Die ZueJitimg, which has been referred 
to under chaff colour. Biffen, Wilson, Scliribaiyx and von Tsehermak 
found that the beardless condition was dominant and that the 
generation was composed of bearded and beardless plants in the 
simple ratio 3 : 1. In some cases the ratio fully bearded to half 
bearded and beardless in this generation was 1:2:1. Nilsson- 
Ehle found however that the beardless condition was not absolutely 
dominant. Von Tsehermak observed in two cases^ in crossing a 
bearded and beardless wheat that the bearded condition was entirely 
lost, while, Eimpau and Spielmann on crossing two beardless wheats 
obtained in the F, a few bearded forms which bred true. 
Sarmders' in 1906 combated the statement that the first generation 
between a beardless and a bearded wheat is always beardless, and 
maintained that the amount of bearding in the F. varies mth 
the wheats used. In the F, a series of forms, which defied class, 
ifioation, was obtained. Apparently the subject was not further 
investigated as no details appear to have been published 

'*™^In our investigations at Pusa with Indian wheats the inherit- 
ance of the fully awned character has not been simple. In 

crosses between bearded and beardless wheats two very distinct 

phenomena have been observed. In one series, the plants m the 
F were distinctly intermediate and were half bearded, while in 
the other only very short tips to the gtames occurred. These 
differences in the F, were correlated with differences m the 
beardless parents. In the first case these had short ti ps to the 

Rej,.rt ,f ffcTtird 1000 .» London, 1907, 

P. :-570. 
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glumes, while in the second they were absolutely beardless. In the 
following paragraphs these two classes are dealt with, sepaivatoly. 

The lialf bearded generation occurred in four (crosses between 
bearded and beardless wheats and the results (Plato TI) differ oii- 
t-irely from those illustrated by Biffen and Wilson in Voi. I of tin* 
Journal of AgriciiUural Soience. The four crosses with an inteiTnc- 
diate ¥, all broke up in the Fj into fully bea.rded, half bearded like 

the Ft and plants with tipped glumes in the ratio 1:2: 1. There 

was no difficulty in distinguishing these classes which were very 
distinct the one from the other.' The details relating to the 2,830 
¥. plants of these four crosses are given in the following table : — 
Table XIIL 


The generation of crosseji between bearded and tipped 
parents, 

Rj, CiBNERATtON. 


f’ROSS, 


No, of 
Plants. 

Bearded, 

Inter- 

mediate. 

Tipped. 

RiiHii, 

BXI 77 ? X HT- c? 

a) 

194 

47 

105 

42 

Tl j 2*5 : 1 


(2) 

227 

07 

113 

47 

1'4 : 2-4 ; 1 

,, ,, 

Ct 

23.3 

52 

110 

or. 

•S ; I'B ; 1 

m, ? X BXI 77 8 

(5) 

253 

62 

123 

as 

•1) ; I’S : 1 






Total 


907 

228 

4S7 

222 

t : 2T : 1 

Kxpfifitation 



eeo’ro 


mrrn 


Punjab Type 9(n) 2 x HIL c? 

(1) 

, 137 

35 

71 

31 

1-1 ;2-3: 1 


(2) 

190 

54 

89 

47 

M : 1-9: 1 

11 

(3) 

185 

46 

8?': 

52 

■9 : 1'7 : 1 

,1 M 

(4) 

117 

32 

5.5 

30 

1-1 : PS : 1 

HIL 2 X Punjab Type 9(a) c7 

(5) 

175 

48 

89 

38 

1-3 ; 2-3 : 1 

Total 


m 

■ 215 

391 

198 

1*1 ;2-0 ; 1 

Expectation 



mi 

m 

mi 


Punjab Type 9 2 x Punjab Type 25 cf 

1,022 

244 

'528 

250 

1 : 20 : 1 

Expectatmi 




Tu 

m-5 


.American Club 2 x Pusa G d 

(1) 

133 

42 

56 

35 

V2 : 1-6 : 1 


(2) 

215 

62 

98 

55 

1-1 ; 1-8:1 


(B) 

178 

58 

81 

39 

1-5 ; 2-1 : 1 

n 

(4) 

97 

24 

49 

24 

1-0 : 2*0 : i 


(5) 

179 

47 

85 

47 

1-0 : 1-8 : 1 

,, n 

(6) 

201 

60 

90 

31 

1-2 : 1-8 : 1 

Total 


1,003 

293 

459 

251 

~1-2Ti-^ 

Expectation 



?,S0'75 


m0'7r, 
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-hi oiie of these crosses (Punjab Type 9 x Punjab JV 

large, number of the three kinds of P. plants were grown and the .1^ , 
generation examined.- All the fully bearded plants and those witii 
tips bred true, while the half bearded plants again split up into fully 
bearded, h^if bearded and tipped plants in the ratio 1 : 2 : 1. Ihe 
details J-’el£i,ting to thirty-one of these cAiltures are given in t le o 
lowing table ‘— 

Tabre XIV. 

Thr f/fnirrafio,, of a fre.s.s* lwiv'ee)t- henrded and Upprd parnifs. 


Plalifc 

No, 


10 

31 

218 

233 

319 

409 

470 


fta 

138 


382 

787 

853 

940 

1004 

1020 

1 

4 

30 

75 

79 

184 . 
317 
368 
401 
468 
481 
507 
623 
760 X 
803 
818 
863 
911 
973 
990 


Bearding in 
F.j parent. 

nliy bearded 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

"dipped 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

tn termed iiite 


No, of 
plants in 


71 

81 

74 

87 


IlKAKDIKO IN THK F,. GESEB.ATI(^,N. 

Fulls;. Intermediate. Tipped, 
bearded. 


81 

74 


132 


99 

102 

11.5 

91 

96 

94 

88 

113 

94 

60 

49 

93 

86 

62 

63 

.83 

70 

90 

66 

70 

51 

62 

66 

80 

55 

89 

SO 

67 


14 

18 


29 

19 

15 

17 


16 

20 

20 

14 


49 

41 

27 

33 
4.3 
31 

38 

42 

34 

35 

28 
27 

39 
46 
23 
46 
44 
38 


102 

115 

91 

96 

94 

88 

113 

94 


23 

•26 

21 

12 

23 

24 
23 
16 

17 

18 
11 
17 

15 
17 

16 
•2:1 
16 
15 


1419 


total 1419 .S44 .717 ® 

elation 709-S 3Si;o 

The crosses between bearded and beardless plants in wMoh the 
Fi generation was apparently beardless will now be considered. 
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THs was observed in the following pure line crosses in which th.e 
bearded parent is placed first 

1. American Club x Pusa 4, 

2. Pusa 22 X A 88. 

In both the beardless parents Pusa 4 and A. 88 there wUvS an cntii'e 
absence of tips, and these parents could be described as absolutely 
beardless. In the second generation of these crosses a series of tonus 
was produced which we have classed with difhciilty as fully bearded, 
almost fully bearded, half bearded, forms with tips of varying length 
and beardless (Plate III). .If all the variously bearded and tipped 
plants are classed as bearded, which would seem to be the mo^st logical 
method, the ratio bearded to beardless obtained was 15 : 1 and the 
presence of two factors is indicated. Representatives of the various 
classes are now being grown in the and the full explanation, as 
well as the complete study of the Pa, will be dealt with next spring as 
soon as the plants are ripe. The details relating to the Ps. generation 
of these crosses are given in the following table • 

Table XV. 


The generation of crosses between bearded and quite beardless 
IKcrents. 

BeaROIKCI IN ’J'HB Ffl GENKBATION, 


Cross, 

No. of 
plants. 

Fully 

bearded. 

Almost 

fully 

bearded. 

Half 

bearded. 

Tips of 
YfiryiniT 

length. . 

Board lesi 

American Club $ x Pusa 4 d* (1) 

lofi 

8 

11 

24 

105 

' ^ ■. 

• « (2) 

176 

12 

11 

27 

118 

13 

„ (3) 

197 

10 

12 

24 

1.88 

13 

„ .. {4) 

124 

6 

9 

14 

84 

11 

M M (5) 

192 

11 

i;} 

24 

132 

12 

.. „ (6) 

216 

11 

14 

- - 

22 

155 

14 

Totaj. 

1061 

58 


185 

727 

71 

Kiitio 


■8 

1 

1'9 

KV2 

1 

A SS ? xPusa 22 c? (1) 

168 

12 

11 

19 

117 

9 

(2) 

247 

18 

11 

28 

173 

17 

(3) 

258 

16 

20 

:ji 

171 

17 

Pusa 22 5 xA SHc? (4) 

117 

5 

11 

17 

76 

8 

>’ (5) 

196 

10 

12 

29 

13.3 

12 

Tgtai. 

986 

(ii 

65 

124 

673 

63 

Ratio 


1 

1 

2 

10 -7 

1 
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Tlic (.listinction between the above two kinds of iiilicritanee 
in bearding is of gneat interest. In one case the simple JMendelian 
sclienie is followed, but there is no cpicstion of doininance in the hb 
wliich. is clearly intermediate. In all these cases however one of the 
parents is only beardless in the ordinary sense ofdhe term, short 
tips to the glumes being present. In the other case the F, is almost 
beardless while in the the 15 : 1 ratio is obtained when all plants 
with beards, whatever may be their length, are separated from the 
absolutely lieardless ones. Here, however, one of the parents is ab- 
solutely beardless. 

In the following crosses the same bearded parent (American 
(Hub) occurs in both classes— 

(1) American Club (bearded) x Piisa 6 (beardless) with the 

1:2:1 ratio in the hb. 

(2) American Club (bearded) x Pusa 4 (beardless) gave the 

15 : 1 ratio in the Fs- 

Pusa 6 has short tips to the awns while Pusa 4 is absolutely beard- 
less. This appears to hidicate that in American Club two factors 
are present, a long and short factor, while both are absent in Pusa 4 
and only the short factor is present in Pusa 6. 

Before discussing the possible explanations of these phenomena 
the results of the other crosses made with bearded parents must be 
stated. In crosses between plants with slight tips to the awns and 
absolutely beardless parents the Fj generation was intermediate 
and the F.^ gave fully tipped, intermediate and absolutely beardless 
plants in the ratio 1:2:1 and no difficulty was experienced in making 
the separation. Crosses between fully bearded parents gave similar 
offspring in the F^ and again in the Fg. In crosses between tipped 
parents the IC and Fo generations were alike and resembled the parents 
in having all the awns with tips of similar length. These results 
are given in the following table : — 
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Table XVI. 

The f feneration of crosses between tipped (aid 

beardless parents. 





F 

2 Ghneuatiois. 


Crq.«s, 


plants. 

Fully 

Tipped. 

Inter- 

mediate. 

Beard- 

less. 

Ilatic 

Bif?6n’s hybrid $ ;< Pusa 4 c? 

(2) 

17S 

42 

94 

42 


,, ,, 

{r>) 

2*21 

49 

129 

43 


,, .. 

(6) 

197 

39 

101 

SI 


Total 


596 

130 

~ ~324 

142 

•9 : 2\3 





"454 



Biffeii’s hybrid $ x Pusa 4 cl 

(1) 

laS 


113 

45 



(.3) 

110 


81 

29 



(4) 

115 


91 

24 


Total of all,6 plants 


979 


739 

240 

3*07 

EiPpfGtation 




7mr> 

prrs 



Table XVII. 


The Id generation of crosses between bearded parents. 


CliOSS. 

No. of 
plants. 

N.aturo of Progeny in P* 

American Club? x Pusa *22 c? (1) 

122 

All fully bearded. 

(2) 

165 


(3) 

192 


M ^4; 

j* .. (5) 

147 

,, ,, ,, 

„ (6) 

176 

.. .. .v: 

Total 

877 


American Club $ x Pusa 23 

137 

All fully bearded. 

Panjab Type 9 $ x Punjab Type 16 d 

1188 


Punjab Type 9 2 x Mbz. White d 

1150 

, .. 

Pimjab Type 9 ? x Punjab Type 13 

965 
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Table XVIII. 

The F„ r/eneration of crosses between tipped -pcirents. 


Cnoss. 

No. of 
plants. 

Be.q.rfHes.s. 

Tipped, 

sitEen’s hybrid S , x Pnsa 6 6 

179 


179 

(6) 

im 


163 

Total 

S42 


:U‘2 


The complete explanation of these ratios in the IT and the iso- 
lation of the two factors concerned in the 15 : 1 ratio can only be 
arrived at after the Fg generation of this latter cross has been grown 
and the results examined in detail The simplest explanation 
appears to be that in the bearded parent two factors are present, one 
capable of producing short awns or tips only, the other resulting 
in fully bearded plants, while in the tipped parents the short factor 
only is present. On the presence and absence hypothesis, the 
results of the various crosses would be represented as follows : 
Assuming the fully bearded parent contains two factors B and T 
(B representing the long and T the short factor), the tipped plants 
contain only one factor T, while the absolutely beardless plants 
contain neither, then — 

(1) Fully bearded wheats would be represented by B B T T. 

(2) Plants with tips only would be represented by b b T T. 

(3) Absolutely beardless plants would be represented l)y 

, b b 1 1. 

The various crosses described above would then be represented 
as follows 

1. Fully bearded (BBTT) x tipped (bbTT) would give in the 

Fx BbTT and in the ¥, 1 BBTT + 2BbTT -f 1 bbTT. 

2. hhilly bearded (BBTT) x beardless (bbtt) would give 

BbTt in the F^ and the F,. \vould he represented by 

the formula : — 

BBTT + 4 BbTt - 1 - 2 BbTT + 2 BBTt + bbTT 4- 2 bbTt + 

BBtt-f 2Bbtt-fbbtt. 

3. Tipped (bbTT) X beardless (bbtt) would give in the F , 

bbTt and in the F.^ bbTT + 2 bbTt -fbbtt, 
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4. Bearded (BBTT) x Bearded (BBTT) would give BBl^r 

ill both tlie Fi, and the Fs. 

5. Tipped (btiTT) x Tipped (bbTT) would give, the sauu' 

bbTT in both the F; and the F.,. 

Whether the above explanation, in which tlie bearded ])arcnt 
contains two factors, will hold or not will be proved by the study of 
the Fg generation. Another explanation has been suggested by 
von Tschermak, namely, the presence of a restraining factor i]i the 
beardless parent. This, however, does not seem to fit the facts so 
easily as that put forward by ourselves, and in this connection it 
should be noted that the sharp distinction here drawn betw(HUi 
absolutely beardless and so-called beardless plants with short ti]js 
does not seem to have been made before. It appears that tipped 
plants have been regarded as beardless in most of the European 
work and that crosses with really beardless plants have not l)cen 
made. In our Indian collection most of the ‘ ‘ beardless ’ ’ plants are 
tipped and absolutely beardless plants, which are the best analysers 
for the study of the bearded character, are rare. 

Colour of the Awns. 

Ill many of the Indian wheats the awns are black, wbenevoi' 
the wheats are fully developed. If, however, premature ripening 
takes place, this colour is not developed. In one cross between a 
black and a white awned wheat the inheritance of black awns in 
the Fs was determined. The black awns prevailed in the Fj and 
in the Fg the ratio of black awns to white was 3*45 to 1, the actual 
numbers being 466 black and 135 white. It was not possible to 
separate the fully black awned plants from the intermediates, but 
the occurrence of these two classes was evident. The parents used 
were Punjab Type 9 (black awned), and Punjab Type 16 (white 
awned). 



V. OTHER GHAEAOTBRS. 

In addition to tlie investigations on the inheritance of felted 
chaff, red grain colour and the bearding of wheat, some other charac- 
ters have been studied, three of which are referred to briefly in this 

section. The complete investigations on these points will be dealt 

within later papers. The characters in ciuestiou are the con- 
sistency of the grain, the shattering of the ear and standing power. 

Consistency oe the Grain. 

The results of our investigations on the influence of the 
environment on the consistency of wheat are now being pub- 
lished. It has been found that wheats can be divided mto three ^ , , . . 
oroups as regards this matter, lathe majority of Indian wheats,^ 
whether soft or translucent, this character is greatly influenced by yr . 
the environment, and .soft wheats are easily changed to translucent 
and vice versd. A few translucent wheats, however, have a decided 

tendency to remain translucent under all conditions, while some soft 

wheats have so far remained soft no matter how or where they are 
grown In one of the crosses at Pu.sa one of these constant soft 
white wheats was crossed with a strong translucent amber wheat 
and the segregation was so clear in the F, that counts were made. 
TheF. was intermediate and the F., .split sharply into soft, semi- 
traiisluoent and translucent in the ratio 1:2:1. It will be seen 
from the following table that the results obtained are practically 
identical witli expectation . 
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Table XIX. 

The Fo generation oj a cross hetiveen translucent and soft 
grained ‘parents. 


CONSISTENCT. 



No. of 


Semi- 

translu- 


llaliu. 

Cross. 

plants. 

Soft. 

Translu- 

cent. 





cent. 


A 88 $ X Pusa,2-2 cJ (1) 

1(57 

39 

82 

46 

1 ; *2*1 ; 1-2 

„ .. i-> 

247 

58 

132 

57 

1 ; 2*3 : 1 

C'-J) 

256 

67 

125 

64 

1 : 1-9 : 

Pusa22 $ X 6 ip) 

196 

43 

168 

45 

1 : 2-5 : 1 

Toxal 

866 

267 

447 

212 

1 : 2*1 : 1 

Expeciation 


itVi'S 

/A? 

2/6*5 



Table XX. 

The Nitrogen content in the F, generation of a cross 
between translucent and soft grained parents. 




Consistency. 

Nitropccn 

percentage 

A 88 


Soft 

2*21 

Pusa 22 


Translucent 

2*51 

A 88 X Pusa 22 

Fc 1 

Soft 

2*32 


2 


2-42 

’’ 

3 

„ 

‘2*29 


4 


2-43 


f) 


2*32 

.1 -1 

6 


2*07 

A S3 X Pusa 22 

¥■: 7 

Seini-translucent 

231 


8 


2-32 


9 


2*57 


10 

„ 

*>•35 


11 


‘2*53 


12 


2-30 

A 88 X Pusa22F-j l3 

Translucent 

2*5(1 


14 

,, 

2*78 


15 


2*36 


6 


2*67 

, 



2*35 

„ 

IS 


2-43 


m 
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A similar sharp segregation was observed in some of the crosses 
made at Pusa in 1906, but the figures were not published as one of the 
parents used was not a pure line. 

Some nitrogen determinations' were made of the various classes 
in the Fj, and these are given in the table above. It will ])e see^i 
that both, parents are high in nitrogen, and that in the second 
generation there is no connection between translucency and high 
nitrogen content, but that both these characters are inherited 
independently. Plants with low and high nitrogen occur in ail 
the classes, it is proposed to study this cross in detail from the 
point of view of the inheritance of strength and free-milling 
qualities. 

Shattering of the Ear. 

In India, one of the important characters of wheat from the 
economic standpoint is the power of holding the grain in the ear when 
the wlieat is ripe. At harvest time the temperature is high, the air 
exceedingly dry and high winds are common. Moreover, it is the 
custom to allow the wlieat to become dead ripe before it is cut, and 
owing to scarcity of labour at harvest time it often remains standing 
in the fields long after it is ripe. Under these circumstances many 
wheats drop their grain and a great loss of wheat results. In the 
improvement of Indian wheat any tendency to shed grain is a fatal 
defect in a new wheat, and several otherwise excellent types have 
had to be discarded by us on this account. In one of our crosses 
a distinct segregation in the Fa was noticed as regards the shattering 
of the ear, and the 15 : 1 ratio was perfectly distinct. Two factors 
must therefore have been present, one of which it is likely to be found 
in Pusa 6 as this line has a tendency to shed its grain, but the shat- 
tering of many plants in the F-. was much greater than in Pusa 6. 

The details relating to the F. of the cross in question are given 
in the following table : — 

xName of cross of shifcterhig. Uatio. 

American Club X Pusa 6 (2) 215 12 203 1; 16-9 


1 We arc iuiebtecl to Dr. Leather, Imperial Agricultural Cliemist, for the-se nitrogen 
determinations. 
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Standing PowBE. 

Pei‘jia|)s tlie most important cliaracter in tlic improvcmojit 
of Indian wiieat at tlie present time is standing power. Now tlud; 
it lias been shown to be possible in the plains of India to i*ais(i ci’ops 
exceeding forty bushels to the acre, it is clear that good standijig 
power' is essential to carry this weight of grain and for the crop 
to remain erect after the storms of wind and rain which often occur 
after the plants are in ear. Most of the Indian wheats have very 
weak straw, only suitable for carrjdng crops of about twenty bushels 
to the acre. In improving wheat production, therefore, both as 
regards methods of cultivation and quality, great attention has to 
be paid to standing power. Standing power appears to !.)o dui^ 
to at least two factors, first to strong straw, which is geiKMuily 
associated with very erect ears, and, secondly, to what may lx*, 
called power to form a strong root system. In one of our crosses 
a parent with strong straw hut inferior rooting power' (A 88) was 
crossed with a wheat with weak straw hut which rooted well 
(Pusa 22) and the plants were examined in detail. All com- 
binations of these factors were evident in the F<.-— well-rooted 
wheats with strong straw, well-rooted wheats with weak straw, 
wheats with strong straw and inferior rooting power as well as some 
which had neither good straw nor good rooting power. Carefu.]. 
records were kept of individual plants, hut in a character like this it is 
not possible to secure accurate counts. This evidence of distinct 
segregation renders it likely, however, that it will be an easy niattei.' 
to secure wheats with strong straw and good rooting power and to 
increase the standing power of the Indian wheats very considerably. 


VI. SUMIIAEY AND CONCLUSIONS. 

The results obtained in these investigations may be suuiinec] 
up as follows : — 

1. The hairs on the chaff of felted wheats vary considerably in 

length and density and one or more kinds of hairs may be present in 
the same wheat. In all the hybridization experiments carried out so 
f ai’i each kuid of hair has proved to be due to a single factor, and these 
factors are inherited independently of one another. The number 
of kinds of hairs and consequently of gametic factors involved in the 
felting of wheats is probably large. All of the Indian macaroni 
wheats examined up to the present and also all densely felted 
wheats have two kinds of hairs. - 

2. The red colour of the grain of wheat may be due to the 
presence of one, two or three factors which are inherited independent- 
ly of each other. Each is capable of producing a red colouration, 
but the shade of red thus produced varies. It is possible to isolate 
from a cross, between a red wheat with a multiple gj’ain colour and a 
white wheat, wheats possessing grains of intermediate shades of red 
which bred true at once. The effect of the two red factors in Pun- 
jab Type 9 is cumulative, and the colour of the grain of this wheat is 
deeper than that produced by either of the two factors singly. Only 
one factor was found to occur in all the crosses between red and white 
chaffed wheats Avhich after an intermediate I", gave the visual 
1 : 2 : 1 ratio in the Ih?. 

3. The existence of at least two factors in the bearding of 
wheats has been demonstrated, and it has been sho^vn that a sharp 
distinction must be drawn in the future between wheats which are 
absolutely beardless, and those with very short awns or tips. The 
usual practice of classing all wheats ‘with awns not longer than one 
quarter of an inch or so as beardless is misleading. 
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4. The black colour of the awns prevailed in (ho, cross 
Punjab Type 9 x Mozafiamagar white and segregation m the V, 
of three black to one white awned plant was obtained. 

0 . On crossing a constant soft wheat with a trauslucout one.. 

distinct segregation into soft, intermediate, and translucent wheats 

was obtained in the Mendelian ratio of 1:2:1. Tliis segrogutioii 
was independent of the nitrogen percentage. 

6. In the shattering of the ear two factors appear to be 
involved and distinct segregation with intensification was observial 

in tile Fo. , 

7. Segregation was also observed in a cross between a. weak 

strawed well rooted wheat and a strong strawed wheat with inferior 
rooting capacity. All possible combinations were found, and the 
prospect of obtaining a well rooted strong strawed wheat in the 
future seems favourable. 

8. In none of the crosses was there any indication of domin- 
ance in the first generatioin which in all cases proved to be inteiv 
mediate. 


From the general standpoint of the improvement of ciops the 
more modern investigations on hybridization are not without 
interest. In concluding this account an attempt will be made to indi- 
cate the bearing of these investigations on the wider aspects of plant 
lireeding work conducted with the object of obtaining better staples 
than those now cultivated. At the present time in many countries 
there is a considerable amount of state-aided effort devoted to the 
advancement of agriculture, and one of the chief activities of the 
various Agricultural Departments is (‘oncerned with, plant breeding 
and selection. 

1. The Preservation of Pure Lines. 

The most modern investigations on hybridization confirm the 
necessity of starting all plant breeding work from pure lines, tlu;. 
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cLaracters of wliicli have been studied adequately, in tiie present 
state of knowledge, this is undoubtedly tlie best material available 
for the purpose and, consequently, the preservation of the pure lines 
for the benefit of future workers becomes an important matter, 
'rhis is particularly so in countries like India where ireliable secfl 
merchants do not exist, and where it is practically impossible to pro- 
cure varieties of crops even botanically pure. Before hybiidization 
work can be begun in India, it is necessary to make surveys of the 
particular crops studied and to separate them not only into botanical 
varieties and finally into pure lines but also to determine with 
precision ail the characters of the pure lines themselves. All this 
preliminary work necessarily involves the expenditure of considerable 
time and money. As hybridization work proceeds more and more, 
pure lines of known gametic constitution wfill become, as it were, 
accumulated at the various stations, and the proper preservation of 
this material is an important matter, and becomes a valuable asset 
of the Agricultural Department concerned. It is important that 
it should not be lost and that it should be readily available 
for future workers in a manner somewhat similar to the way in 
which, at research centres, libraries of books are handed down to 
posterity. 

The preservation and exchange of pure lines, the gametic 
constitution of which has been proved, might easily become of very 
general importance. There is little doubt that hybridization work 
will, ill the future, liecome in each country more and more restricted 
to a few centres, and it is very probable that the material of one 
country may be of use to the workers at centres in other countries. 
Thus there may very easily be useful exchanges of pure lines in 
Northern Europe and again in North America. The whole subject 
of the best means of preserving pure lines of economic plants of 
known gametic constitution is one which might well be taken 
up by the next International Conference on Genetics or by the 
International Association of Botanists. 

II. Plant Breeding Stations. 

The complexity of such apparently simple characters in wheat 
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ns those Clen.lt with in tie present paper leaves little doubt that the 

“f t 

^ “rr “‘.s 

1.. «» r-ht arr::'; 

In addition many of these characters are subject the aiui 
of environment, so that both the study of l/“ ; 

of breeding improved varieties becomes mereasmgl} ;; 

progress is to be made in the elucidation of the laws of mlien . n c 
on the one hand and in the production of improvetl 
other, it seems difficult to resist the conclusion that there can be lit , . 
or no prom-ess in either direction unless the work is organised m sac 
a mannei'that it is restricted to a few centres , 

The publication of the early researches on inheritance “ 

closely oil the rediscovery of Mendels law, undoubtul > , 

a large amount of hybridisation work at the Agricultural Itxpai- 
ment' Stations and was the means of raising expectations that thc^ 
improvement of crops was a simple matter and ’^7° , 

pliked in a very short period. As a consecjiience, plant bi'eed,mg wi s 
started at stations as an addition to an already overloaded programmt 
and the result has hecii to flood the literature with a mass of supeifacia 
results of no permanent value. Whenever plant breec mg ms lewi 
clone with thoroughness and on a sufficiently large sea ,c, . 

invariably been found that the inheritance of characters i»by im 
means sucli a simple luatter as was first supposed, aiul t.ie mv ts a 
gatioiis conducted at such, centres as Svalof explain v ly i - is . w 
the numerous attempts at plant improvoraent made at tlie Agi - 
cultural Bxpcriiueut Stations have not led to any veiy stuaiis 
results. There is no doubt that plant breeding work is use. ess 
unless it is carried out on a large scale and with great thocougli- 
ness. This in turn can only he done oifeotively at hxiieniiien 
Stations at which tliis work is made the chief item of the programme. 
It would be better, therefore, for each country to maintain a tew 
good plant improvement stations than to carry on siipci u m 

in-vestigations at many centres. 
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ill. The Basis of Seljejotion. 



Tlie results obtained in tbe present paper have a considerable 
])oarmg on selection. It bas been shown in wheat that characters, 
which appear at first sight to be simple, are in reality made up of 
several factors, each inherited independently of one another. The 
total number of factors in this crop mil no doubt be found to be 
considerable. Islatnral cross-fertiHzation has beeji showji to be much 
commoner than was at one time suspected, and this supplies llie 
means by which these factors can combine together to form a. very 
large number of wheats, differing from each other by small amounts. 
The known complexity of botanical varieties in wheat is at once 
(.explained by the interplay between the numerous factors i-endered 
],)ossibie by natural crossing. Consequently, the wheats of any 
ix'.gion and especially those of a country like India, in which 
agriculture has been practised from time immemorial, supply 
materiiil, which may well turn out to be a veritable gold mine, for 
the exercise of systematic schemes of selection. The careful 
(iompa,rison of the offspring of single plants may yield results of 
great value to the country. A similar state of affairs appears, 
from our observations in India, to obtain in several other 
in whicii self-fertilization is the rule. The comparison of the 
lines of these self-fertilized crops offers a line of work which 
prove to be of the very greatest importance in agriculture a 
moreover much simpler than hybridization investigations, 
only difficulties involved are those relating to the 
of the results of the field trials in deciding whether or not an 
improvement has really been obtained. 

These results also concern the cpiestion of the improvement of 
plants in which crossing is common. Here there is little doubt also 
that numerous factors are involved. These, hoAvever, have crossed so 
much among themselves that there has been no opportunity for the 
production of pure lines, so that the crops are a network of freely 
intercrossing forms. A large anioimt of systematic selection, 
extending over a considerable period, is therefore necessary before 
material, in any sense approximating to pure lines, can bo obtained. 
While, therefore, the question of selection in self-fertilized crops is 
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seen to be established. more firmly as a result of roeent work on 
iiybridizatioH, the difficulties in applying this process with success to 
cross-fertilized crops appear to be very much greater. Inirthei ' 
the (|uestion of the maintenance of the vigour of these latter crops, 
when grown in pure culture and when crossing is prevented, is a 
subject which, up to the present, has not r*eceive(l a very large 
amount of attention. 


Quetta, 

>Sep. 16th, 1912. 
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PREFACE. 


The experiments described in the present paper are a con- 
tinuation of those dealt with in a prerdous communication {il/cn?. 
Dept, Agr, in India, Bot. Ser., No. 4, VoL III, 1910). 

We desire to take this opportunity of expressing onr indelded- 
ness to several ofEcers of the Indian Agricultural Department for 
their valuable co-operation in the conduct of this work. For facili- 
ties at Dumraon and Banldpore we are indebted to Mr. F. Smith, 
Deputy Director of Agriculture, Bengal. Dr. Parr and Mr. B. C, 
Burt, the Deputy Directors of ilgriculture of the United Provinces, 
have assisted us at Aligarh and Orai respectively. At Meerut, Babu 
Jaganuath Pershad gave us all facilities on his farm. Khan Baha- 
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THE INFLUENCE OF THE ENVIRONMENT ON 
THE MILLING AND BAKING QUALITIES 
OF WHEAT IN INDIA. 

No. 2. THE EXPERIMENTS OF 1909-10 AND 1910-11. 

1. INTRODUCTION. 

The question of tlie influence of environment on the quality 
of wheat is of the greatest importance to those concerned with the 
improvement of this crop. It affects not only the question of seed 
distribution and the introduction of new varieties, but is also of vital 
interest to the breeder. It has long been a vexed question as to 
what extent quality in plant products is determined by environ- 
ment and how far it must be considered as characteristic of the breed. 
To the plant-breeder, who wishes to combine in one race the largest 
number of valuable qualities, a knowledge of the respective parts 
played by breed and by environment in producing such qualities 
becomes essential. Further, in the general aspect of seed distri- 
bution in India it is essential to know in what tracts high milling 
and baking qualities are possible. For instance, at the present time, 
the black cotton soils of the Peninsula and the canal irrigated tracts 
of Northern India produce mainly soft weak wheats often with poor 
milling qualities. One of the objects of this investigation is to 
determine whether or not wheats of better quality can be grown in 
these important areas. 

The experimental investigation of this subject in India was 
commenced in 1907 and the results obtained up to the harvest of 
1909 have already been described.^ Subsequently, the experiments 


^ Howard, Leake & Howard, Minnoirii of the Dept, of Aijr. in India {Botanical Series), Vol. 
Ill, No. 4, 1910, p. 19!, 
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have been 
account of 


oonsiderabty extended, and in the present 

the work done in the wheat growing seasons ol: 1909-1.0 


and 1910-11 is to be found. 

The characters of the wheat grain which may be affected by 
change of environment are the following 

1 Colour. While the general colour, red or white, of any 
wheat remains the same no matter under what conditions it is gi:own 
nevertheless the depth or tone of colour in red or white wheats is not 
constant. In India, white wheats, when well grown under dry 
fanning conditions, are frequently much darker in tint tha,n tlie 
same wheat grown carelessly under a superabundant supply of cana l 
irrigation. Similar differences are to be seen in red wheats. 

2. Size and weight of grain. The size and absolute weight 
of the grain vary very considerably both in different localities in tlie 
same year and also in the same locality in different seasons. 

3. Composition. Much of the work on the effect of environment 
on the characters of the wheat grain has been concerned with the 



effect of change of environment on the nitrogen content of the grain—- 
the nitrogen content being taken not only as a measure of the per- 
centage of gluten, but also as a rough indication of the strength of a 
wheat. There are, however, exceptions to the general rule that the 
higher the nitrogen, the greater the strength so that, in the present 
state of knowledge, the only safe method of estimating strength is 
by milling and baldng tests. Quality as well as quantity of gluten is 
important in this respect. For a flour to be really strong there must 
be sufficient gluten of the right quality present. So far, while no ac- 
curate relation has hitherto been found between chemical composition 
and the bread-maldng value of wheat, nevertheless the trend of recent 
investigations on this subject affords hope that the strength of 
wheat may be explained from a chemical standpoint. Thus Wood 
has found in the case of Fife and other strong wheats that the water 
soluble phosphates in these fl-ours is high— over O'l per cent, and 
the chlorides and sulphates very low. They also contain more 
than lime. Weak wheats on the other hand yield flours 
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with a low proportion of soluble phosphates, a high percentage of 
chlorides and sulphates with more lime than magnesia d 

4. Consistency. The effect of environment on the coiisistencv 
of the wheat grain, i.e., its translucent or starchy appearance, has 
been perhaps more thoroughly investigated than any other aspect 
of the question. There is no doubt that consistency depends 
very largely on the soil, on the available moisture and on the 
nutrition of the crop and that, in many cases, great changes take 
place in this character in any variety according to the conditions 
under which it is grown. From the miller’s point of view the 
consistency of the sainj)le is of the highest importance and is one of 
the main factors in determining the value of wheat. Consistency 
is commercially important in two ways. Firstly, it affects the pro- 
cess of conditioning or the adjustment of water previous to grind- 
ing — -as a rule translucent wheats take up more water than soft 
samples. Secondly, translucent grains usually behave better than 
soft wheats in the mill and are more free grinding, thus enabling the 
separation of bran from flour to be made with ease. As strong wheats 
are frequently transhicent, transliicency is sometimes considered to 
be an indication of strength, hut this is not always the case as both 
translucent weak wheats and mellow strong wheats occur. In spite 
of these exceptions, however, the consistency of the grain remains 
a very important factor in the commercial valuation of a wheat. 

5. Quality. Good quality in wheaten flour has been defined 
by Humphries^ as ' ‘ the sum of excellence on several points ’ ’ and 
these are five in number : (1) flavour ; (2) colour of the flour ; (3) 
strength, i.e., size and shape of loaf ; (4) stability of dough ; (5) yield 
of bread per sack of flour. It is obvious that information on such 
points cannot be determined in any other way than by milling and 
baking tests. In seeldng information on the effect of environment 
on the quality of the grain it is therefore clearly essential to submit 
the sample to a complete test in the mill and bakehouse. 

1 See Jago— lYit’ Tevknuloiiy of Bread malibuj, London, 1911, p. 3‘2H. 

2 Humphries, Quality in Wheaten Flour — a paper read before the Joint Session of the 
Chemistry, Botany and A.gi‘iculture Sections of the BritisVi Association at Winnipeg, J909, 


environment and milling qualities. 

Th. ...fc i.v«ag.ii.» «"• ” '"sr,;. “ 

1 . \mih flip pxceDtion of tfie work of Eiimpluieb .uui 

wheat. With tHe excep won u ^ j^wpd to t\w more 

s:ez •» - - 

.b. 0.d« SU«., t. « b. 

bi. b,v..ig.s.» •« a. »•““ ”' ;«i™, 

composition o£ .beat, tbe work being a <mn im ' . ^ p 

experiments on this subject. Wheat from the same oiigmal seed ^^ .v 
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The author concludes that the results indicate that soil and seed 
play a relatively small part in influencing the composition of crops 
and that the differences observed are due for the most pail to 
climatic conditions prevailing at the time of growth. The results 
appear to be open to serious objection and are vitiated by the fact 
that the samples compared are by no means equally well grown. 
This is evident on examining the absolute weight of the same 
wheat grown at the various centres. The weight of 1,000 grains 
of Kubanka varied from 24’9 to 46 ‘o grammes while the limits of 
variation in the case of Crimean were 20*4 and 34*0 grammes. 
These variations are so great that they are bound to influence 
considerably the nitrogen content as, other things being equal, the 
lower the absolute weight the higher the nitrogen. Again, no 
milling and baking tests were made in these experiments and the 
conclusions are based entirely on the analytical data. 

In Canada, Shutt has eontinued his investigations on the in- 
fluence of environment on the composition of wheat, and the results 
are published in the Report of the Canadian Experimental Farms for 
1909, 1910 and 1911. The experiments were conducted principally 
with Fife wheat at Lethbridge in South Alberta and are concerned 
with the influence of soil moisture on composition. In 1909 and 1910 
especially, the samples from the non-irrigated land, in which the soil 
moisture decreased up to harvest time, contained a much higher 
percentage of nitrogen than those from the irrigated plots in which 
the soil moisture was appreciably greater. The samples do not 
seem to have been milled and baked so that it is not possible to 
determine ho-w far the milling and baking characters have been 
influenced by the conditions under which the wheats were produced. 
Further, the absolute weight in the experiments of 1909 and 1910 is 
not stated, so that it is not possible to say whether the wheats 
compared were equally well grown or not. 

Evans ^ has conducted some investigations bearing on the in- 
fluence of soil moisture on consistency and composition in the Central 


’ Evans, Bull- 3, Central Provineex Bejwrtment of Agr., 1909. 
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Provinces of India. In durum wheats particularly it wa-s foun ( ! t\u it. 
the effect of excessive watering' was to increase the pe;i*centag(‘ of 
soft and spotted grains and to lower the nitrogen content. 
number of waterings given was nine and, in conse'quenci', the('ro[).s 
often did not ripen till a month after the normal date. Tlie treat- 
ment given was q^uite exceptional as in India it is not usual to water 
wheat nine times. Even in the Canal Colonies of the Punjab, where 
the land was previously a desert, three waterings only is the rule. 
Speaking generally, irrigation for wheat on the black soil of the Cen- 
tral Provinces is not common as the soil usually contains sufficient 
moisture for the wheat crop. In these experiments the absolute 
weight of the sample is not stated so that it is impossible to inter- 
pret the figures for the nitrogen content with accuracy. 

Leather ' has published a preliminary note on the effect of 
manures on the composition of wheat and other grains but no 
details of the experiments are given. 

As in the older work on this subject the recent investigations 
referred to are all characterised by the absence of milling and baking 
tests. In order to obtain accurate information on the effect of 
environment on the behaviour of the same sample in the mill and 
subsequently in the bakehouse it is, in the present state of knowledge, 
unsafe to rely on chemical data only and on the appearance of the 
samples. Such important matters as strength of flour and the 
freemilling nature of the wheats might easily be masked by changes 
in consistency and nitrogen content. That this is so is proved by 
the residts described in the present paper. 

The agricultural conditions under which wheat is grown in 
India have been referred to m detail in the previous paper on this 
subject. India possesses two great wheat tracts which differ from 
each other both as regards soil and as regards the source of moisture. 
The more important of these regions is the alluvium of the Indo- 
Gangetic plain, stretching from Bihar on the East through the 
United Provinces and the Punjab to Sind on the Western coast. 


1 LeiUhtr, Serrnth Intermtioml Congress of Applied Gheniistrij. Section VII, 1909, p. 157. 
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111 parts of Biliar, wkeat is grown on Mgli moisture retaining heavy 
loams without irrigation. In Oiicih, wells supplement the rainfall, 
while in the Doab, between the Jumna and the Ganges, and also in 
the Western Districts of the United Provinces canal water is com- 
monly employed. In the Punjab, the wheat crop is largely watered 
from perennial and inundation canals while, in Sind, inundation from 
the Indus takes the place of the monsoon. The predominant 
features of the wheat tracts of the plains are the alluvial character of 
the soil and the occurrence of some form of irrigation. The second 
great wheat growing tract in India is found in the Peninsula on the 
black cotton soils of the Central Provinces and Bombay. Here irriga- 
tion is the exception and most of the wheat is grown on the moisture 
left in the soil after the previous monsoon. 

Besides moisture and soil another factor in Indian wheat pro- 
duction is of importance. This is the length of the growth period. 
Wheat is generally sown as soon as the temperature falls sufficiently 
for germination to take place and for the seedhngs to develop. 
The length of the growth period in the spring is also limited by 
temperature and the rapid advance of the hot season prevents the 
cultivation of late maturing wheats. The growth period is shortest 
in Central India and longest in the Punjab and North-West Fron- 
tier Province. 

The main directions in which Indian wheat can be improved are 
two — ^}deld and quality. The shortness of the growth period and the 
fact that the water supply is liable to be deficient in amount indicate 
that moderate yielding wheats are likely to be the most profitable to 
the grower over an average of seasons. Higher yielding wheats can 
be grown with safety only where the supply of moisture is adequate 
and where the retentive power of the soil is considerable. Compared 
with the high yielding wheats of Western Europe, where the 
growth period is long and the rainfall well distributed, the wheats of 
India are but moderate yielders. Generally speaking, the season is 
too short in India for the growth of such high cropping wheats as 
those of France and England. As yield is determined by the length 
of the growth period and the average water supply, the plant 
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breeder in increasing the amount of wheat grown, soon reaches 
the limit imposed by these conditions. In the improvement of the 
qiiaiity of the grain of Indian wheat however there is much greater 
scope for the breeder. In general, the wheats of the country 
have poor grain qualities, both from the milling aspect and also 
from the point of view of breadmaking. Some Indian wheats do 
not mill well while the majority have a reputation for producing 
weak flour. 

In the improvement of the quality of Indian wheat it is of the 
first importance to determine how far grain qualities are influenced 
by environment, and in what tracts high quality wheats retain 
their characters. Accurate information on the character of the 
wheat produced in the various tracts and the extent of these 
tracts will enable a scientific scheme of wheat distribution to be 
drawn up for the whole of India. It is sometimes stated that high 
tpiality wheats cannot be grown either on the black cotton soils 
or under canal irrigation in the Indo-Gangetic plain, particularly in 
the United Provinces and the Punjab which produce the bulk of the 
wheat exported. One of the main objects of these experiments is 
to test these views and to determine to what extent, if any, canal 
irrigation interferes with high milling and baking qualities. 

The method adopted in this investigation is to compare, as re- 
gards consistency, absolute weight, nitrogen content and milling and 
baking qualities, several pure lines, of widely diflerent quality, 
grown at various stations. The stations have been selected so as 
to include as many as possible of the most important wheat tracts 
of the Indo -Gauge tic plain as well as a few places representative of 
the black cotton soil areas of Peninsular India. When a sufficient 
number of well-chosen types of wheat, representative of the various 
classes grown, have been tested in this manner it will be possible 
to determine how far milling and baking qualities are affected by 
environment and whether such a change is progressive or whether 
it takes place once for all. 

In the previous paper the results obtained in 1908 and 1909 were 
described. In both years it was found in the case of Muzaffar- 
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nagar (a soft, white, weak w^heat), grown at different stations in the 
alluvium, that the samples differed widely in consistency, nitrogen 
content and to some extent in the milling and baking tests. The 
results of the two years are summed up in the following tables. 


Consistencij, mmqmiiion and haJciny value oj Muzoffarnagar tohUe grown at three 
stations in 1Q07 -1^08. 


Wliero groAVii, 

Colour and Consistency. 

% Nitrogen. 
(Leather). 

Order in ‘1 
baking value 
(Humphries). 

1. Ptisa 

Amber, mostly hard and semi -hard. . 

1-86 

Fifth. 

2. Lyallpur 

Dull Avhite, mostly soft and mottled 

1-50 

Eighth, 

3. Muzali’amagar 

White, entirely soft 

1-38 

Ninth. 


ComparaUve value of Muzaffarnagar white grown at nine stations in 1S08-1909. 


Uliere grown. 

CONSBTESCV. 

Weight of 1,000 
grains in grammes. 

Nitrogen 

percentage. 

Bakeus’ 

MAEKS. 

Order of 
merit in 
commercial 
value. 

Soft. 

Intermediate. 

Hard. 

Stability. 

t 

1 

CaAvnpore 

8 

48 

39 

35-69 

2-37 

84 

75 

Fir.st. 

Pusa 

16 

59 

25 

38-35 

2-00 

84 

75 

Second. 

Partabgarh 

.36 

33 

31 

40-02 

1-79 

82 

75 

Third. 

Dumraon 

72 

21 

7 

43-67 

1 -52 

78 

63 

Fourth. 

Aligarh 

76 

15 

9 

42-54 

1-30 

70 

60 

Fifth. 

Meerut 





1-34 

70 

60 

Sixth. 

Bankipore 

ki 

13 

’4 

.38-95 

1-34 

68 

52 

Seventh. 

Lyallpur 

75 

20 

5 

37-08 

1-62 

68 

68 

Eightli. 

Orai 

95 

0 

0 

30-97 

1-93 

64 

66 

Ninth. 


In addition to the tests with Muzaffarnagar white, twenty-five 
Punjab wheats, belonging to three subspecies, were grown in pure line 
culture at Cawnpore and compared with the same wheats grown the 
previous year at Lyallpur. In general, there was a large increase 
in the proportion of hard grains at Cawnpore and also an increase 
in the percentage of nitrogen. These wheats have since been grown 
for two seasons at Cawnpore and at Pusa, and the complete results 
are described in the next section. 


II. THE EFFECT OF ENVIRONMENT ON THE TYPES 
OF PUNJAB WHEAT. 

In 1908, tlie typeB of wheat grown in the Punjab were botani- 
cally and agriculturally classified at Lyallpur and twenty-five dis- 
tinct wheats were distinguished. This work has been described in a 
previous paper.' Subsequently, these wheats were grown for three 
years at Cawnpore and for two years at Piisa. The consistency of 
the samples, the nitrogen percentage, and the weight of 1 ,000 grains 
have been determined and the figures, compared with those obtained 
from the original seed grown at Lyallpur in 1907-08, are given in the 
table below. 

In considering the results of the determinations of the consis- 
tency of the samples it should be remembered that, apart from the 
influences of the soil and climate, the agricultural conditions under 
which the sanqoles have been grown at the three stations are not 
strictly comparable. At Lyallpur, the wheat crop is overwatered 
and the methods of cultivation are primitive. At Cawnpore, great 
care is taken to prevent overwatering while at the same time the 
methods of cultivation have attained a high degree of efficiency. 
At Pusa, wheat is grown as a dry crop and particular attention has 
been paid for many years to preliminary cultivation, to the conserva- 
tion of soil moisture and to the eradication of weeds. The general 
appearance of the same wheat growm at Cawnpore and Pusa is very 
similar and the tendency at both stations is to grow similar uniform 
translucent bright wheats, which take the eye and contain a high 
percentage of nitrogen. At Lyallpur on the other hand, the pro- 
duction of dull soft samples with a low^ nitrogen content is the 
rule. These general results are clearly indicated in the table and 


1 Howard & Uowiu’d, 0/e//u»{r.s- »/ Dej)artmeut of Agrumlt ure in India {Botanical 
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ill tile majority of tlie types tliere is a distinct increase in the pro- 
portion of translucent grains at Cawnpore and Piisa while at the 
same time the percentage of nitrogen has increased. 

There are three well marked exceptions to the hardening 
tendency among these wheats. Type 6 has always leinained en- 
tirely soft at all three stations and no spotted grains have ever been 
detected. Types 23 & 25 have behaved in a very similar manner 
and have only rarely produced a few hard and intermediate grains. 
These examples stand out from the many varieties grown at Piisa in 
withstanding the hardening tendency which is the general rule at 
this station. Even in 1911, when the water supply was very short, 
these wheats, though shrivelled, contained no hard grains. On the 
other hand, Types 2 & 12 and to a less extent Type 3 have produced 
a great majority of hard grains at all three stations. Between 
these two extremes the remaining nineteen types occur pro- 
ducing a considerable proportion of soft grains at Lyallpur and 
a lesser proportion at Cawnpore and Pusa. Thus there are 
three classes of wheats among these types, (1) wheats which always 
remain soft, (2) wheats with a tendency to remain hard and (3) 
the majority in which the consistency varies greatly according to 
the locality and the conditions under which they are grown. In the 
wheats of the last group, as has frecpiently been observed before, 
each ear often contains hard, soft, and spotted grains so that the 
occurrence of all three kinds of grain in the sample is not likely 
to be due to the result of segregation. 

The occiiiTeiice of constant soft wheats is of considerable in- 
terest and has been noticed in other pure lines at Pusa. One of these, 
characterised by strong straw, has been used as a parent for im- 
proving the standing power of one of the high cpiality hard wheats. 
In the second generation of the cross tliere was a distinct segregation 
as regards consistency and plants with hard, soft and intermediate 
grain could be distinguished with ease and certainty. Two other 
cases of wheats with constant soft grains are of interest from the 
milhng point of view. One of these is that known as Australian 27 
which is largely composed of Punjab Type 25, a type which has 
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reinaiiieci soft at Cawiipore and Pusa. Tlie second is a Piisa pure 
line (No. 3) wMcli has always produced a soft sample. Both these 
wheats behaved badly in milling and were described as woolly in 
texture and gave great trouble in the separation of flour and bran. 
As it is possible that some comiection may exist between these bad 
milling quahties and the tendency to produce a soft sample under 
all conditions steps are being taken to have complete milling tests 
made of Punjab Types 6 , 23 & 25 when grown at Cawnpore under 
conditions where most Indian wheats produce samples which mill 
exceedingly well. At the same time the study of the inheritance 
of the constant soft character is being continued at Pusa. 

The nitrogen content of these constant soft wheats is not without 
interest. In no case is the percentage really low while in others it is 
remarkably high as will be seen in the table below. There appears to 
be no connection between nitrogen content and the tendency to 
produce soft grains. 

Nitrogen content of constant soft wheats. 

.Average weight Average nitrogen 

1,000 grains. percentage. 

48*0.^ 2 42 

2-21 

29-76 1'82 

;i2‘(;3 1-80 

40*97 1.70 

In the case of the three Punjab Types the figures are the average of 
five determinations. 
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The change in consistency of the 25 iyfes of Punjab wheat when grown at Cawi^ore and Pus a. 
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29 

62 

0 

0 

100 

0 

0 

100 

0 

3 

97 

0 

1 

99 

0 

0 
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1*75 

2*60 

2*78 

2*21 

2-24 


45*80 
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45-20 
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91 



93 

0 

J 

99 
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43 
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2-14 

1-63 

1 •82 

2-06 

1*99 


22-38 

27-71 

28*81 

25-71 

29*64 

24*44 
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58 

42 

0 

25 

35 

40 

0 

5 

95 

0 

3 

97 

0 

7 

93 

0 

0 

100 

1*78 

1*49 

1*85 

2*06 

1*86 


29-54 

32*60 

30*95 

2107 

26*51 

18*03 
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0 

100 

0 

0 

100 
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0 

1100 

0 

0 

100 

0 

0 

100 

0 

0 

1*62 

1*80 

[■81 

1*82 

2*07 


31*56 

34-48 

32-80 

25-23 

24-46 

20*52 


Eumholdti [v'jke. 

23 

49 

28 

39 

33 

28 

27 

23 

50 

16 

32 

52 

11 

19 

70 

0 

0 

100 

1*71 

1 *58 

1*70 

)*SG 

1*93 


25-23 

31-53 

30-90 

25-73 

22-13 

16*53 


T. ViJhGARE Vill. 

































21 

31 

48 

0 

6 

94 

2 

19 

79 

1 

20 

79 

0 

15 

85 

0 

0 

100 

1-52 

2-16 

5*14 

2-02 

2*03 


32-16 

30-38 

34-48 

33-76 

29-81 

2b -38 



4 

15 

81 

23 

23 

54 

1 

IS 

81 

: 0 


95 

0 

15 

85 




2*01 

1*60 

5*14 

2*09 

1*97 


32*02 

37-06 

30-71 

22*56 

37-33 




51 

49 

0 

0 

1 

99 

0 

13 

87 

4 

26 

70 

0 

13 

87 

6 

6 

ibb 

1*40 

1*75 

!*09 

1 -67 

1*89 


33*55 

35-61 

35-83 

35-89 

33-68 

23-37 





0 

61 

29 

10 

1 

9 

90 

^ 0 

5 

95 

1 

14 

85 

0 

0 

100 

1*34 

1-65 

!*29 

2-13 

1*72 


36*05 

29-14 

29-39 

28-48 

30-86 

23-ll> 



0 

27 

73 

1 

3 

96 

0 

4 

96 

0 

4 

96 

0 

2 

98 

0 

0 

100 

1 *50 

2*00 

•90 

1*74 

1*88 


36*40 

35-34 

37-52 

30-94 

37-57 

28-27 



20 

36 

44 



88 

3 

39 

58 


25 

73 

0 

0 

100 

0 

0 

100 

1*57 

1 -93 

•89 

1*86 

2*30 


35-04 

30-37 

3355 

27-86 

29-61 

22-17 



29 

71 

0 

0 

0 

100 

4 

22 

74 

b 


75 

0 

100 

0 

0 

100’'= 

0 

1*37 

1*90 

•72 

1*85 

1*93 


35-70 

35-32 

37-80 

31-93 

36-65 

27.05 



fiS 

32 

0 

1 

8 

91 

13 

33 

54 

ri 

25 

64 

10 

26 

64 , 

0 

0 

100* 

1*43 

2*16.... 

-.*80 

1*85 

1*83 


36*44 ! 

33-12 

39-53 

33-63 

34-92 

24-07 


gi'mciiin Koke. 

88 

12 

0 

34 

1 

65 

10 

24 

66 

30 

35 

35 

12 

41 

47 

0 

lOO”' 

0 

1-39. 

2-08 

•06 

1-78 

1*94 


33-69 j 

31 -38 

33-32 

31 -32 

37-88 

25-61 


D&lfii K(;ko. 

25 

31 

44 

7 

S 

85 

0 

3 

97 

2 

18 

80 

0 

13 

87 

0 

0 

100 

1*42 

1*71 

•99 

1*72 

1*83 


.15*1.-) 

38 "54 

37-06 

28-14 

44-01 

23-86 



69 

31 

0 


3 

95 

0 

15 

85 

1 

13 

86 

7 

46 

47 

0 

100* 

0 

1*39 

2-26 

•03 

1 *60 

1*64 


34-53 i 

31 -00 

33-48 

33-22 

33-64 

22-90 


Uncotpf.rtHum Kcke, 

S3 

17 

0 

1 

5 

94 

1 

(5 

93 

8 

31 

61 

11 

61 

28 

0 

1 

99 

1*35 

2*29 

*24 

1*55 

1*57 


31 ‘58 j 

22-20 

26-68 

24-77 

21 -43 

■■ 25-72 


iilboriibruiitKcke. 

73 

27 

0 

0 

0 

100 


26 

69 

1 

7 

92 

6 

15 

79 




1*43 

2-10 

•82 

1*75 

1*57 


33-59 j 

32-39 

31-81 

33-50 

35-93 




62 

23 

15 

0 

0 

100 

b 


98 

0 

6 

94 

5 

14 

81 

‘b 

'6 

ibb 

1*45 

2-54 

•30 

]*S6 

1*66 


32-40 ! 

30-48 

34-92 

36-13 

; 34-87 

28-53 


miUitruM Al. 

14 

43 

43 

1 

1 

98 

1 

11 

88 

0 


95 

0 

4 

96 

0 

0 

100 

1*38 

2-10 

*79 

1-92 

1*67 


35-07 i 

38-55 

35-89 

3.5-09 

1 35-92 

28-10 



100 

0 

0 

9S 

0 

2 

100 

0 

0 

98 

0 


98 

0 

2 

100 

0 

0 

1*35 

1*95 

•20 

1*79 

1*71 


33-13 

33*83 

.32-76 

32*44 

1 31-02 

27-48 


alb ilium. Al. 

66 

16 

18 

4 

11 

85 

0 


98 

|4 

18 

78 

7 

20 

73 

0 

0 

100 

1*37 

1-87 

*42 

1.80 

1*73 


36-48 

38-04 

34-21 

36*84 

i 33-38 

27-90 



92 

S 

0 

99 

0 

1 

95 


0 

96 

1 

3 

100 

0 

0 

100 

0 

0 

1*62 

1-52 

•99 

1*59 

1*71 


38-20 

41-99 

38-38 

40*45 

45*76 

37-81 


» Consistency uniform hut intermediate between hard and soft. 




Ill THE INFLUENCE OF BNYIRONMBNT ON GRAIN 
QUALITY. 

A. The eesults obtained in 1909-10. 

In tlds section the results obteined by growing the same wheat 
at difierent stations and comparing the produce are dea t m ^ . 
During the season 1909-10. two wheats were grown at the ten 
stations referred to below and complete miffing and balaiig es s 
were made in all cases. The two wheats selected were 
nagar white, {T. mlgare Vill. var. gfommv Kcke.) 
white wheat from the Muzafiarnagar District m the Umted Pro - 
inces and Pusa 20, a pure line selected from a Benga cu 
wheat, (T. dunm Desf. var. Kcke.) The experrments 

with Muzaffarnagar white are in continuation of those 
in the previous paper, and the seed sown at each station was a 
.from the crop of the previous year grown at that station n e 
case of Pusa 20 the seed was taken from the bulk growi^ 

The ten stations at which these wheats were grown were 

1 Pusa. This station is situated in North Bihar, a tract 

in which wheat is grown without irrigation on high moisture 
retaining loams containing about 30% of calcium carbonate. 

2. Gawwpore. At this station, which is typical of the im- 
portant wheat tract known as the Middle Doab. wheat is grown on 
strong loams with canal irrigation. 

3. Partabgarh. This station represents the wheat growing 
tracts of Oudh where the crop is grown on well irrigation. 

4. Meerut. This station, where the samples were grown by a 
local zemindar in the country fashion, is typical of the larp wheat 
growing tract of the Upper Doab and is practically identical with 
the neighbouring Muzaffarnagar District. 
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5. Aligarh, Tlie conditions at tliis station are similar to 
those obtaining in the Meerut District. This centre is therefore 
a duplicate of the above and both are situated in canal irrigated 
tracts. 

6. Hoshmigahad. This centre, which is situated outside the 
Indo-C4angetiG alluvium, is characteristic of the black cotton soil 
of Peniuvsular India on which wheat is grown year after year on the 
moisture stored up in the soil from the previous monsoon. Both 
Muzaharnagar white and Pusa 20 did not grow to perfection on the 
soil moisture available and proved to be late varieties for this 
tract. 

7. Orai. This station, which is also outside the Gangetic 
alluvium, is situated in Bundelkhand where wheat is grown on 
moisture retaining clays which are however sometimes watered. 

8. Banhi'pore. This station is situated in Bihar on the south 
bank of the Ganges, but the soil is not alluvial in character. It is a 
heavy moisture retaining clay not unlike some of the soils of 
Peninsular India. 

9. B'lmraon. This station occurs in the wheat growing tracts 
ill South Bihar. The soil is sandy and possesses little or no 
moisture retaining capacity. In consequence even with irrigation 
the yields of grain and straw are small. 

10. Lyall'pur. This station is typical of the canal irrigated 
tract known as the Chehab Colony which produces a large proportion 
of the wheats exported from Karachi. Overwatering is common 
while the general standard of cultivation for the wheat crop is 
below that practised by the best cultivators in the Eastern Punjab 
and in the Upper Doab. 



Trial of Mumffarmgar White at ten stations^ 1909-10. 


Pdsa. 


Gawstpoee. Paktabgahh. MBBHtr'r. 


Hoshangaeab. Oeai. 


BaNKIPOEE. I) TJJIE A( )X. 


1 . Type of soil 

2. Previous crop 


3. Manuring 


4- P r e p a r a t ion for 
-wheat 


5. Date and method of 
so\viiig 


6. Seed rate {lbs. per 
acre) 

7. Rain- 
fall in 
inches 


8. Irrigation 


f April 1st to 
} sowing time, 
j During growth 
I peiioci 


9. .Date of harvesting 


10, Growth period in 
days 

I mediate 

sample 


12. Nitrogen percent- 
age 

13. Weight of 1,000 
grains in grammes 

14. Order of merit in 
oommeroial value 


Second class 
loam. 

Loam (dwmat)., 

Loam (dorasa)* 

Loam. 

Light loam. 

Black cotton soil. 

Tyj)ical wheat 
soil {tmr). 

Heavy clay. 

Sandy loam. 

Gram in rahi of 
1908-09 plough- 

Mixed crop of 
arkai' and juar. 

Sugarcane. 

Sugarcane. 

Cotton. 

Wheat. 

Gram. 

Jiuir (crop 
failed). 

Aus paddy. 

ed in. 

Green manured 
with gram in 
the previous 
mbi. 

Nil. 

Nil. 

Nil. 

Poudrette con- 
taining 50 lbs. 
nitrogen. per 
acre. 

Nil. 

Nil. 

Nil. 

CWdung at the 
rate of S3 mds. 
per acre on 
17 th October 
1909. 

Exposed several 

Ploughod six 

Ploughed four 

Ten plougU- 

Three plough- 

Ploughed oirce 

Ploughed once 

Ploughed 

Ploughed seven 

times by iron 

times before 

times with iron 

ings with 

ings with iron 

with country 

with country 

eight times 

times before 

ploughs during 

sowing with 

ploughs on 2nd, 

c o u 11 1 r y 

ploughs {28th 

plough and 

Xilough (17th 

between 

sowing between 

previous hot 

h-on ploughs on 
1st April, 15th. 

18th Aug., 12th 

plough 

Jan., 14th July, 

scarified four 

May 1909), 

27th and 

12 th Sep. 

season, after- 

Sep. and 2nd 

after begin - 

9th Aug. 1909), 

times with the 

twice with iron 

29th Oct. 

and 26th Oct, 

wards fallowed. 

June, 5th Aug., 
14th, 20tb & 
29th Sep. 

1909. 

Oct. 1909, and 
three times with 
the country 
plough on 15th 
Aug., 8th and 
15th Oct. 1909. 

n i n g of 
the rainy 
season. 

and five times 
with the country 
X»kmgh (17th 
and 28(ih Aug., 
13th and 18th 
Sep. and 8th 
Get. 1909). 

haklm\ 

xJough (21st 
A n g^, 13th 
Sep, 1909) 
and scarified 
once with 
hakliar (30th 
Sep. 1909). 

1909. 

1909. 

18th Oct. 1909, 

24th Oct. 1909, 

17th Oct. 1909, 

9th Nov. 

31st Oct. 1909, 

18th Oct. 1909, 

15th Oct. 1909, 

29th Oct. 

27th Oct. 1909, 

behind the 

b'ehirrd the 

behind the 

1909, be- 

h e h i n d the 

with the coun- 

behind the 

1909, with 

with the local 

country plough. 

country j)lough. 

country plough. 

hind tilt) 
c o 11 n t r y 
plough. 

country plough. 

try drill. 

country plough. 

local drill. 

drill 

55 

120 

108 

60 

100 

95 

108 

100 

100 

75-37 

30*8 

50-21 

33-52 

21-34 

32-4 

44-74 

46-98 

46-23 

0-22 

1-81 

1-40 

2-59 

2-28 

1-67 

0-58 

0-00 

1-64 

Once, December 
1909. 

Twice from canal 
on 28th Nov. 
1909 & 28th 
Jan. 1910, 

Twice from well 
on 17th Nov. 
& 10th Dee. 
1909. 

Twice. 

T h r 0 e t i m e s 
(17th Nov. 1909, 
2nd Feb. & 6th 
March 1910). 

Nil. 

Twice (7th Deo. 
1909 & 9th 

Feb. 1910). 

Once (21st 
Nov. 1909). 

Three times (3rd 
Dec. 1909, 8th 
Feb. & 8th 
March 1910). 

29th March 1910. 

6th April 1910. 

29th March 1910. 

14th April 
1910. 

IGth April 1910. 

f 16th March 1910. 

1st April 1910. 

30th March. 
1910. 

4th April 1910. 

162 

164 

163 

156 

167 

149 

168 

145 

159 

0 

5 

50 

54 

51 

35 

G6 

66 

79 

58 

57. 

72 

38 

30 

7 

29 

14 

36 

43 

23 

12 

16 

S 

27 

5 

7 

6 

2-19 

1-79 

1-49 

1-79 

1-60 

2-05 

1-45 

1-4S 

1-41 

39-80 

38-07 

39-71 

37-92 

34-58 

33-30 

37-65 

42-58 

40-73 

First. 

Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh. 

Eighth. 

Ninth. 


Lavillpue. 


Sandy loam. 
Wheat. 


Nil. 


Ploughed 
four times 
with the 
native 
ploirgh. 

One irriga- 
tion during 
preliminary 
p r e p a r a- 
tion. 


(>th Nov. 
1909, after 
the coun- 
try plough. 

48 

20-41 

2-09 


Four times-— 
once by 
accident in 
April, ten 
days before 
harvest. 
2Lst ‘ April 
1910. 

160 

7S 

16 

6 

1-38 

40-47 


Teni 




Previous ero].> 


Prep a r 
avlieat 


Date aud uiefchod of 
somng 


7. Rain- 
fall in 
inches 


sowing 
During 
^ period 


nation 


9, Dati.‘ of harvesting 


10. Growth period in 


11. Consist- di Ser. 

ency ot - '“mediate 
sample 

1 2. Nitrogen percent- 
s' ae 

’ " n/f>icrht of 1,000 
in grammes 


merit ii 
d value 
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tlie plains of India wheat comes to perfection only if the soil hfis 
been w’^ell prepared beforehand and when this prepara tioii extends 
over a sufficiently long period. To obtain optimum results, both as 
regards yield and quality, this preparation should extend over the 
previous hot season as well as during the rains. It is only when the 
soil has been exposed to the sweetening influences of the sun and air 
during the hottest part of the year in April and May (which process 
also kills out most weeds) and subsequently cultivated during the 
monsoon that the maximum amount of moisture can be absorbed 
a,nd the soil brought into the highest condition of fertility for whea t. 
A hurried preparation always adversely affects the yield and is also 
reflected in the poor general appearance, low nitrogen content and 
in the milling and baking results. On the other hand, where 
great attention is paid to cultivation, clean weeding and moisture 
conservation, the samples are bright and well grown and take the 
eye. They also tend to contain a high percentage of nitrogen and 
invariably do well in the milling and baking tests. 

Miiza-ffarmigar White. 

For the season 1909-10 the details relating to the trial of this 
wheat at the above ten stations are to be found in the table opposite 
and the result of the milling and baking tests are referred to in the 
following extract from Mr. A. E. Humphries’ report, dated October 
27th, 1910. 

Muzaffarnagar. 

understand all ten lots were produced from the same seed 
but that each oiie was grown at different places, Pusa, Bankipore, 
Dumraon, Partabgarh, Gawnpore, Orai, Aligarh, Meerut, Lyailpur 
and Hoshangabad. In 1909, I tested sample lots of this wheat 
grown at the nine places mentioned first in the list. I note that the 
Floshangabad sample represents a lot grown experimentally in a 
new environment. There were great difierences between the 1909 
lots which would represent several shillings per quarter.” The 
lot in that season from Orai was a ‘ ‘dingy looking shrivelled wheat/’ 
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the Lyallpar lot had a poor appearance but yielded better flour 
and bread than its appearance would lead one to expect. This year 
the ten lots do not show such great diterences in appearance 
and all of them may be described as good looking specimens of the 
variety. The Hoshangabad lot contains a considerable percentage 
of light grains and some greenish or actually green ones. It will be 
interesting to Imow whether these blemishes were caused by early 
cutting or by the wheat maturing too late for the locahty. Be that 
as it may, it is nevertheless a good lot of wheat. The Bankipore lot 
also contains a few greenish corns and the same ideas suggest 
themselves but in lesser degree. The Hoshangabad, Aligarh and 
Dumraon lots are smaller in the berry than the other lots, but a 
miller who wanted soft, weak wheat, suitable for making biscuit or 
pudding flours, or who wanted some soft weak flour for toning down 
the harshness of other kinds, would be very hard to please if he were 
not content with any one of these lots. The Pusa lot is particularly 
well grown. In buying wheats, especially those which are not in 
large regular supply a miller has to base his ideas as to commercial 
value on many points by appearance and before I had milled and 
baked any of these lots I had placed them in the following order, 
and assessed the difference in money value between the best and 
worst at l/-per quarter only. It may be interesting to place last 
year’s order in juxtaposition. 


1909. 

1910. 

Cawnpore ... 

Pusa. 

Pusa 

. . . Cawnpore. 

Partabgarh ... 

Partabgarh. 

Dumraon 

Meerut. 

Ahgarh 

Aligarh. 

Meerut 

Hoshangabad. 

Bankipore ... 

Orai. 

Lyallpur ... 

... • Dumraon. 

Oral 

Lyallpur. 

In view of remarks which I make at 

the end of the report coii” 

cerning the influence of water supply on quality it may be worth 
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iiientdouing that the moisture content of the Lyallpiir lot was very 
low on its arrival here, but I attach little importance to that under 
the circumstances, for the others may perhaps have taken up water 
from the atmosphere in transit. The lots from Piisa, Diimraon and 
Lyallpur are harder than the remainder; but none of them are 
hard, all are in the category of soft wheats, and in milling them the 
moisture content would have to be kept relatively low if satis- 
factory separations are to be made easily. The Oral, Aligajh and 
Meerut lots are distinctly ''woolly” in texture, whereas the 
Dumraon lot, in spite of its pale ' ‘ starchy ’ ’ apj)earance, behaves 
notably well for the variety in milling. The outstanding features 
of the bakehouse results are three. 

Is^. The superiority of the Pusa lot, which tallies with its 
appearance as specified hereinbefore. 

2nd. The way in which the Pusa and Hoshangabad responded 
when a form of malt extract was added. 

3rd. The dull uniformity of the remainder in yielding poor 
miserable loaves under all conditions. 

No one used to eating average London bread would buy such 
poor stufi as the eight poorest yielded. The exterior appearance 
was wretched, in the Lyallpur case particularly so, for in addition to 
the chalky-hued, hard, thick crust, characteristic of the variety, that 
lot exhibited the pecuhar cracking of the crust characteristic of 
English Eivet wheat. The loaves fi-oin the eight did not expand 
in the oven, so they were of very small volume. The flavour of the 
bread was poor or definitely bad. The case of the Hoshangabad 
lot was remarkable. At the first baking when the dough was made 
with flour, yeast, salt and water only, it was certainly better 
than the eight lots already referred to, but it was not good. When, 
however, a form of malt extract was added in the second baking 
a transformation was effected. The loaf was larger, and of pleasing 
appearance, its flavour was very greatly improved. It is obvious 
that this lot possessed potentialities which would be readily 
developed by skilful treatment at the hands of the miller or baker, 
whereas so far as I have been able to go, on the quantities of wheat 
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available this season, tbe eight lots do not seem to possess those 
potentialities. The Tnsa lot was much superior to the remainder 
throughout the baking trials. It responded to the addition of malt 
extract but not to so great an extent as the Hoshangabad lot. This 
means, that at the first baking the former was much superior to the 
latter and that at the second baldng the former was still superior 
to the latter, but not in the same degree. 

I have aheady in this as well as in former reports said that this 
variety of flour is quite suitable for pudding or cake making ; indeed, 
for such purposes it would probably be superior to other varieties 
much more suitable for bread making. For piidding and similai’ 
purposes, it would be judged by its appearance as flour, and its poor 
or bad flavour would be disguised by the fats, mineral salts and 
spices mixed with it. For bread making purposes the Piisa stands 
out as being very much the best lot, but the flour itself produced 
from it is not so white as that produced from seven of the other 
lots. Of Hoshangabad the same remark can be made. That flour 
has a yellow hue. The Lyallpur lot has a dingy hue. The last 
named lot I would therefore now unhesitatingly place last in the 
list. It is poor both as flour and. as bread, and that in my 
opinion overrides the superiority it shows in the milling processes.” 

In a subsequent communication, dated December 8th, 1909, 
Mr. Humphries has forwarded the bakers’ marks of the ten samples 
of Muzafiarnagar. The results are as follows : — 

WiOiout malt extract. With malt extract. 



Stability. 

Strength. 

Stability. 

Strength. 

Pusa 

80 

72 

88 

79 

Hoshangabad 

74 

62 

82 

81 

Cawnpore 

72 

62 

72 

64 

Meerut 

70 

62 

70 

64 

Aligarh 

70 

62 

■70 

62 

Dumraon 

72 

62 

76 

60 

Partabgarh 

70 

62 

66 

60 

Orai 

72 

62 

70 

60 

Bankipore 

72 

62 

70 

60 

Lyallpur 

70 

62 

68 

60 


Trial of Piisa 20 at ten staiiom, 1909-10. 
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Cawxpoem. 


Dumeaon. 


Meerut. 


Baskipore. Paetabgarh. 


1. Type of soil 

2. Previous crop 

3 . 31 a During 


S e c 0 n d c I a s s 
loam. 

Black cotton soil. Light loam. 

Loam {ibmat). 

Sandj'^ loam- 

Loam. 

Typical wheat 
soil (mar). 

Hetxvy clay. 

Loixm (tloram}. 

Sandy loam. 

Gram in ral/i of 
1908-09 plough- 
ed in. 

Green manured 
with graixx in 
the p r c V i 0 u s 
rahi. 

Wheat. Cotton. 

Mixed crop of 
arhar and juar. 

Ans paddy. 

Sugarcane. 

Gram. 

Jiiar (erop 
failed). 

Sugarcane. 

Wheat. , 

Nil. Poudrette con- 

tainixxg 50 lbs. 
nitrogen per 
acre. 

Nil. 

83 mds. cow'dimg 
per acre on 17t]i 
October 1909. 

Nil. 

Nil. 

Nil. 

Nil. 

Nil. 


4. Preparation 
wheat 


Exposed .•ioveral 
times by iron 
ploughs during 
])j'cviou.s hot 
season, a f ter- 
wards fallowed. 


Ploughed once 
with country 
plough, seari- 
lied four times 
with the hal’har. 


'J'hreo jiloughings 
w i t h i r <» n 
plough (281 h 
•Ian.. 141h duly, 
'.Mb Aug. I'.lUb), 
and liv(“ limes 
with eoiniiry 
idouah (I Till 
and 2Sih Aug.. 
13th and JXlh 
Sept., and Stli 
Oet. U'OO). 


Six ploughings 
w i t h iron 
plough on 1st 
A j) r i 1, 15th 
June, 5th Aug., 
14th, 20th and 
2 f) t li S e p. 


1909. 


Ploixghed seveir 
times before 
sowing between 
12th Sep. & 
26th October 
1909. 


Tp plough- Ploughed once Ploughed 
ings with xxith country eight times 

country plough (17th betw'een 

plough 31ay 1909). twice 27th a n d 
after the W'ith iron 29th Oct. 

beginning plough (21st 1909. 

of the rainy Aug., & 13th 

season. Sep. 1909), and 

scarified onee 
ith the h a /.■- 
liar (30tli Sep. 

1909). 


Ploughed f o u r 
times with iron 
p I o ii g lx (2nd 
and 18th Aug.,. 
12tli Sep. & 
2nd Oot. 1909), 
three times w ith 
the e o XI xx t r y 
plough (lotii 
Aug.. 8th and 
1.5th Oct. 1909). 


P ] u ii g li e d 

four limes 
w ii li 1 be 

n a t i V e 
}) I o u g b. 
One irriga- 
tixin durhig 
p r e 1 i m f- 
nary prepa- 
ration. 


.5. Bate and method 

ISth Oet. 1909, 

ISth Oct. 1909, 

31st Oct. 1909, 

24tli Oct. 1909, 

of soxving 

behind the 

with t h e 

b e h i n d t h e 

b e h i n d the 

country -plough. 

country drill. 

country plough. 

country plough. 

6. Seed laxte (lbs. per 

55 

95 

100 

120 

acre) 






75*37 

32-40 

21-34 

30*82 

0*22 

1-67 

2-28 

1 *81 

S. Irrigation 

Nil. 

Nil. 

Pour times (17th 

Twice from canal 



Nov. 1909, 2nd 

(2Sth Nov. 




Feb., 6th & 

1909, 28th 




28l>h 31 arch 
1910). 

Jan. 1910). 

9. Date of harvesting 

2Sth ilarch 1910. 

IGth March 1910. 

16th April 1910. 

3rd April 1910. 

10. Growth period in 
days 

161 

149 

167 

161 

11. C 0 n- r % Soft 

0 

0 

0 

0 

sisteney ) % Inter- 





of 1 xnediate 

0 

10 

4 

1 

sample 1 % Hard 

100 

90 

96 

99 

12. Nitrogen per- 
centage 

2*64 

2-47 

2-01 

2-26 

i:h Weight of 1,000 

42-37 

33-87 

31-86 

32-66 

grains in grammes 





14. Order of merit in 

First. - 

Second. 

Third. 

Fourth. 


commercial v’^ahie 


27th Oct. 1909, 

9th Nov. 

15tli Oct. 1909, 

29th 0 e t. 

17th Oct, 1909, 

GthNov. 1909, 

with the local 

1909, be- 

behind the 

1909, with 

behind the 

behind the 

drill. 

hind the 
c o XI n t r y 
jilough. 

country plough. 

the local 
drill. 

country plough. 

CO u n try 
plough. 

100 

60 

108 

100 

108 

48 

46*25 

33*52 

44*74 

46*98 

.50*21 

20-41 

1*64 

2*59 

0*58 

0*00 

1*40 

2*09 

Three tiim‘,s (3rd 
Bee. 1909, 8th 
Feb., & 8th 
March 1910). 

Tliree times. 

Twice (7th Dec. 
1909 & 9th 
Feb. 1910). 

Once (21st 
Nov. 1909). 

Twice from xvell 
(17 t h No V. 
1909 & 10th 
Dec. 1909). 

Four times, 
0 n c e by 
accident 10 
days before 
hixrvest. 

4th A]>ril ] 910. 

14th April 
1910. 

1st April 1910. 

30th 3Iarch 
1910. 

29th -March 1910. 

21st April 
1910, 

1.59 

156 

168 

145 

163 

166 

0 

6 

0 

0- 

0 

11 

16 

25 

13 

13 

18 

55 

84 

69 

87 

87 

82 

34 

1*70 

2*06 

1*90 

1*81 

1*69 

1*72 

41*12 

30*04 

35*56 

41*91 

38*06 

36*35 

Fifth. 

Sixth. 

Seventh. 

Eighth. 

Ninth. 

Tenth. 
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Pusa 20. 

Tlie details relating to the trial of this wheat at the ten stations 
are given in the table opposite and the results of the milling and 
baldiig tests are described in the following extract from Mr. A. E. 
Humphries’ report of 1910. , 

‘Mf it be desirable in the interests of the producer to grow 
Durum wheats in India, I think it would be desirable to eneoimage 
the distribution of this variety of that type. The latest develop- 
ments in the art of milling minimize to some extent the objections of 
millers to Dunmis, but those objections persist and are likely to do so. 
But there are Dunims and Durums, and this variety is a good one. 
At its best it differs very little in appearance fi'om some of the best 
hard ‘ordinary ’ wheats, and in milling it, I have found with very 
much interest that we have obtained, without any special effort, on 
an average of the ten samples in each case a rather higher percentage 
of flour than we obtained from the Muzaffarnagars. This to a 
miller is very noteworthy. 

The ten samples were grown at the same places as the ten 
samples of Muzaffarnagar. In the former set there are the same sort 
of differences as in the latter. Here also the Hoshangabad lot 
contains a proportion of thin grains and some which are green. The 
Cawiipore also contains a few thin grains, but on this point the 
Meerut lot contains a much larger proportion and a substantial 
proportion of pale corns besides. The Lyallpur contains a still 
larger proportion of pale corns and is the poorest of these lots in 
general appearance. In these ten samples also we get differences in 
hue, some of a much deeper yellow than others. In the Pusa Muzaf- 
farnagar the deeper yellow hue improves its appearance, 
but in the Pusa Durum the intensity of its yellow hue detracts from 
its looks. The Pusa Durum is also very regular in its texture and 
is particularly well grown. 

In spite of these blemishes all the lots with the exception of 
Meerut may be described as well grown. The Pusa lot appeared 
on first examination to be hardest, but after conditioning the 
Cawnpore was found to be so. Judged by appearance only, I should 
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consider the best worth one and sixpence per quarter more tlian thii 
Avorst, and I should place them in the folloAving order 

Dumraon 1 
Oral > 

Banldpore ) 

Cawnpore 

Partabgarh 

Aligarh 

Pusa 

Hoshangabad 

Meerut 

Lyallpur. 

The subsequent baldng trials in these cases caused me to 
change my opinions, but I am putting my first impressions on 
record for they would be the basis upon which I should make, at 
least the earliest, purchases of such wheat. Their behaviour in 
milling calls for no special comment beyond the one already 
made. Such flours as these are not at all likely to be sold, by 
appearance, but it may as well be recorded that they are, even 
after conditioning of the wheat, very granular, that the Meerut 
and Aligarh lots have a very yellow hue, that the Dumraon and 
Orai lots are the best judged by appearance and Pusa the worst. 
When baked into bread Pusa again shows a great superiority 
with Hoshangabad a good second. From the Duriims of com- 
merce, one does not usually obtain tough doughs nor do eight 
of these lots behave in that way, but the Pusa lot does so and so 
far as toughness of dough is concerned the Hoshangabad lot is as 
good. The Pusa yields however decidedly the best loaf, the 
Hoshangabad is not far behind, the Lyallpur loaf is decidedly the 
worst with low volume and a poor crust ; the Meerut is almost as 
bad. The other six lots are, within the margin of experimental 
error, alike. The flavour of the bread produced from each one of 
them is very pleasant. In these ten cases I made no attempt to add 
yeast foods or similar materials. It seemed to me desira.ble to 
get this set of baking trials made in the simplest way. ’ ' 
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111 a subsequent communication, dated December 8tii, 1910, 
Mr. lliimpiiries forwarded the bakers’ marks of the above wheats. 
The results were as follows : — 

Stability. Strength. 


Pusa 

. 88 

80 

Makes tough doughs of a style of 
toughness which we expect to 
get in American spring wheat. 

Hoshangabad . . 

. 80 

74 

In lesser degree has the same 
toughness in dough as the Pusa 
lot. 

Aligarh 

. 75 

65 

Cannot be described as tough in 
dough. 

Cawnpore 

. 75 

65 

Ditto. 

Meerut 

. 70 

64 

Lacks toughness in dough. 

Dumraon 

. 70 

64 


Orai 

. 65 

62 

Yields a poor crust similar in 
character to our English Rivet 
wheat. 

Bankipore 

. 70 

62 


Partabgarh 

, . 65 

60 

Dough has very little tenacity. 

Lyallpur 

. . 70 

■ 57 

Yields a very fairly tough dough, 


but a miserable loaf, with a 
cracked “rivety” crust of 
very poor appearance. 

In the following season, 1910-11, samples of this wheat from the 
ten stations were grown side by side a,t Pusa and then compared in 
all respects. No difterences could be distinguished in the plots 
themselves which behaved exactly alike in the field and the crop 
to the eye was absolutely level. As regards the grain the samples 
were alike in appearance and consistency and, as was expected, 
none of the differences noted in the original samples sown mani- 
fested themselves at harvest time. In this case the environmental 
differences disappeared as soon as the wheat was brought back to 
its original home, thus confirming Le Olerc’s observations on this 
point in the United States. 
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B* The influence of environment on BTB:RN(rn.i. 

It will be seen in the extensive trials of tlie weak wlit'af Iroiii 
tlie Mnzaffamagar District that in no case did this variety bccoiiK* 
strong. All tbat occurred was that at stations like Cawiipore and 
Pusa, wbere particular attention bas been paid to growing tla.^ 
wheat crop to perfection, the sample improved both in appearance 
and also in the milling and baking processes. The wheat, liowever, 
still behaved as a weak wheat and exhibited all the characteristics 
of its class. 

The behaviour of wheats, characterised by strength of Hour and 
good milling qualities, when grown under similar conditions to 
Muzaharnagar, must now be considered. For the purpose', of 
ascertaining how far strength and other desirable grain qualities 
are maintained, four tyjies of strong wheat (Pusa 4, 8, 12 & 22) 
were selected. In addition, a sample of Miizaffarnagar was also 
grown at each centre, so that the strong types could be compared 
with a typical Indian wheat. The strong wheats selected were 
not of the same class. Pnsa 4 is a large grained, amber wheat with 
strong straw, which comes to maturity with great rapidity. It is 
likely to prove of use in those tracts of India where the crop has 
to be grown on the miniinum amount of water. It is also lieing 
tried in Bihar "as a cover -eipp for Java indigo, the two crops being 
sown together as in the case of clover and barley in Europe. Piisa 
8 is also an early'fWhite wheat with good straw, but the sample is 
mellow rather .than translucent. Pnsa 12 is a high yielding, white 
wheat with a-Iarge almost translucent grain, but this line ripens mucli 
later than the above and also tillers more. Pusa 22 is a distinctly 
hard translucent amber coloured wheat of Fife shape, but the stra w 
is not strong enough to support a really heavy crop. Thus of tlu' 
four strong wheats two, Nos. 4 and 22, are translucent with a daik 
amber tint, while No. 8 is distinctly mellow. No, 12 is intermedia t(‘ 
between No. 8 and the two translucent lines. 

The stations at which these wheats were grown wore the sanji'. 
as in 1910 except that Eaipur was substituted for Hoshangaba,d . 



Trial of Muzaffarnagar tvliite at nim mUons, 1910 » 11 . 

. ARtoAiai. Bankxfobk. IjYamjBur, Jtei5 


1. Type of soil ..Heavy loam. 

2. Previous erop . . Cotton. 


Light loam. 
Wheat. 


Loam. 

Cotton. 


Stiff clay. 


Sandy loam. 


Hieavy loam. 


Am paddy SWploughed in. 
reaped on 
2‘)th 


Typical wlieat Loam, 
soil {mar). 

Gram. Wheat. 


63 mds. iiondrette per 
acre. 


1910. 

Nil. 


Sep. 


San ploughed in on 
1st Got. 1910. 


4. PrepUiVatiou for 
wheat 


Ploughed six times Exposed several .Ploughed three times 
xvith iron ploughs times by iron Avil.li iron phxijghs 

■ ■ ’ plou.ghs during 

previous hot 
season, after- 
wards fallowed. 


{14th March, 9th 
July, 3rd & 31st 
Aug., l!)th Sep. 
& 13th Oct. 1910). 
Once with country 
plough (18tb Oct. 
1910). 


( loth .ian., 6th Aug, 
& 2lHt Sep. 191(». 
and live l imes with 
the eountrv plough 
(2Sth .lidy, 30tli 
Sep., nth, 24tli, 
27t!i and 30tli Oct, 
1910). 


Ploughed eight Harrowed on 2!)th 
times he.- Oet. 1910 and 


6th 

1910. 


■Ith it 
Nov. 


irrigated eu gth 
.Nov. 1910, |re- 
vitms to Howmg. 
Ploughed on 10th 
No\. 1910. 


Seven ploughings 
with the country 
lilough (20tb. July, 
4th & 16th Aug., 
25th Sop., IStJi, 
23id & 25th Oct. 
1910). 


Ploughed once 
with. iron 
))lougli on 
21st duly 
1910, iMid cul- 
tivated onccj 
with the ha,h- 
har on 10th 
Oct. 1910. 


Ploughed five times 
with iron ploughs 
(7th & 11th April, 
5th May & Gth 
Juno, 7 th July 
1910), and five 
times with the 
country plough 
(16th .Trdy, 13th, 
ISth, 22nd & 23rd 
Oct. 1910). 


Sandy loam. 
Wheat. 


S3 mds. of cowT- 
dung applied 
on 20th Oet. 
1910, 

Ploughed 
eight times 
between 7th 
June 1910 
and 21st Oct. 
1910. 


6. Seed rate (lb.s. per 
acre) 

8. Irrigation 


9, Date of bar- vest- 
ing 

10- Growth period in 
days 

12. J^itrogen percentage 

13. Weight of 1,000 
grains in grammes 

14. Order of merit in 
commercial value 


28th Oct. 

1910, 

22nd Oct. 1910, 

.5th Nov. 1910, 

Sth Nov. 19U), 12th Nov. 1!)10, 

2nd Nov. 1910, be- 

6th Nov. 1910, 

24th Oct. 1910, be- 

behind the 
try j)lough. 

covm- 

behind the coun- 
try plough. 

drilled. 

with 1 o c a 1 behind the licvin- 
drill. try pUtugh. 

hind the coun- 
try plough. 

behind the 
country drill. 

hind the country 
plough. 

• 00 


55 

82 

100 60 

100 

100 

120 

26*54 


32-11 

26*30 

55*59 15*52 

29*23 

36*50 

45*21 

1*87 


1*42 

2*57 

1*03 4*05 

5*52 

2*58 

4*33 

Once (12th 
1910). 

Nov. 

Nil. 

Three tiiucH (51, h Dee. 
1910,9th & 27tli 
Feb. 1911). 

Oncui on 19th Pour timOs (22nd 
Jan. 1911, Dee. 1910, 16th 

Fob,, 8th March & 
I3th April 1911). 

Once on 3rd Dee. 
1910. 

Once on 21st 
Dee. 1910. 

'Twice (Sth Dec. 
1910 & 11th Feb. 
1011). 

29th March 1911. 

27th March 1911. 

12th April 1911. 

4tlj April 1911. 22nd April 1911. 

14th April 1911. 

5th April 1911. 

22nd March 1911. 

151 


156 

1.58 

147 161 

16,3 

151 

148 

3 


^0] 

42 

60 85 

15 

44 

27 

58 



45 

35 15 

65 

49 

61 

39 


27 

13 

5 0 

20 

7 

12 

1*93 


2*05 

1*34 

D46 1*43 

1*75 

1*44 

1*43 

34*18 


33*03 

28*84 

35*51 36*15 

30*52 

31 T 8 

34*18 

Mrflt. 


Second. 

Third. 

Fourth. Fifth. 

Not tested. 

Not tested. 

Not tested. 


with 

drill. 


48 ’96 
3-42 

Twice (12th 
Dec. 1910 
& 12th Feb, 
1911). 

1st April 1911. 


1-65 

29*05 



Trial of Pusa 8 al nine stations, 1910 - 11 . 



Cawnporb. 

Pusa. 

Aligarh. 


Lvai.u>or. 

AIebru'i'. 

Oral 

Partaboarh. 

Bumhaos. 

1. Type of soil 

Hea vy loam. 

Light loam. 

Loam. 

Stiff clay. 

Sandy loam. 

Heavy loam. 

Typical wheat 

I.oam. 

Saudy loam. 






soil (niur). 



2. Previous crop 

Cotton. 

\Yheat. 

Cotton. 

Alts paddy 

San ploughed in. 

Peas. 

Gram. 

Wheat. 

Am paddy re- 




harvested on 





moved on 1st 





29th Sep. 
1910. 





Oct. 1910. 

3. Mamiring 

Nil. 

Nil. 

63 mds. poudrette 

Nil. 

San ploughed in on 

Nil. 

Nil. 

Nil. 

S3 mds. cow- 




per acre. 


1st Oct. 1910. 




dung per acre 









applied on 

22nd Oct. 

1910. 


4. Preparation for 

Six plovighings 

Expost.‘d .scv<iral 

Five phiugliings 

Plouglnal eight 

Harrowed <in 29th 

Scvtni ploughings 

Piouglicd once 

Five ])!uiighings 

Ploughed once 

wheat 

with iron ploughs 

limes hy iroJi 

with iron [dougliK 

limes with 

Oet. lUIOandirri- 

with country 

witli iron 

with iron (iloughs 

■with iron 


(Kith March, 9th 

ploughs during 

(lOlli .Ian., 5th & 

ir<»n ploughs 

ga.l(>(l on ,5th Nov. 

plough (20th 

])loiigh (21ht 

(7th & 1 1th April, 

plough (10th 


July, 3rd & .31st 

jnHsvious iiot 

27(.li Aug., 5Mi & 

iurtwctm 41;h 

I9!<», previou.s to 

July, 4th A' Kilii 

July 1910), 

.")tli May, 6tli 

Oct. 1910) and 


Aug. 1910, 19th 

s(..a,son, after- 

22n.l Sepi. 1916). 

.•uid 61 h Nov. 

■sowing. I.’lougli- 

.\ug„ 251 h Sep., 

ami .scavilied 

.hmcit711i July 

four times 


iScjp. & 13th Oct. 

ivards fallow-ed. 

Six ploughhigK 

1910. 

ed on 101 h Nov. 

181 li. 23rd, 251 ii 

once witli 

1910). and five 

with eountry 


1.910), Once rvith 


\\i1b country 


1910. 

0<4. I!U0). 

iialchar (lOtli 

jiioughings with 

plough a fort- 


the c 0 u n t r y 


])loughs (27tli 




Oct. 1910). 

eountry plough 

night after- 


plough (IStli 


July, 28th Sept., 





(16th julv, ]31.h, 

ward .s. 


Oct. 1910). 


12th, 24tli, 27th & 





1 8th, 22nd and 




30(hOet. 1910). 





23r(l'Oc(. JUKI). 


5. Bate and luothcid of 

28th Oct. 1910.be.- 

22nd Oct. 1910, be- 

40i Nov. 1910, 

8tli Nov. 1910, 

]2lh November 

2nd Nov. 1910, be- 

OthNov. 1910, 

24th t)et. 1910, 

30th Oct. 1910, 

sowing 

hind the eountry 

hind the country 

with local drill. 

will) local 

1910, behind the 

hind tlui country 

with local 

behind, tlie coun- 

behind the 


plough. 

plough. 


drill. 

country plough. 

])lough. 

drill. 

try plough. 

local drill. 

0. Seed rate (lbs. 

(iO 

55 

82 

100 

90 

100 

100 

120 

100 

per acre) 











26 -04 

32 Tl 

26*30 

55 -59 

15-52 

29*2.3 

36*50 

45*21 

48*96 

inches 

1-87 

1 -42 

2-57 

1 *03 

4*05 

'".5 ’52 

2*58 

4*33 

3*42 

S. .Irrigatioii 

Twice {20t}i Nov. & 

Nil. 

'J'lu’cn times (till 

Once (19th 

Four limes (22nd 

Gncr! (3rd Dec. 

Once (21.st 

'.rw'ice (Sth ‘Dec. 

'rwiee (17th 


4th Neb. 1911). 


:Dec. 1910, 9tli 

Jan. lull). 

Nov. 1910, 16th 

1910). 

Dec. 1910). 

1910 & 1 Kb Fell. 

Beo. 1910, & 




Feb., 26th ;Fel.. 

i'eb,. Sth March 


1911). 

13th Feb. 




1911). 


&. 13lh April 




1911). 

9. Bate of lira'vc>stmg 

18th March 1911. 

18th March 1911. 

30th March 1911. 

17l,h March 

1911). 

I9th April lull. 

14th April 1911. 

27th 'March 

10th March 1911. 

14th March 





1911. 

1911. 


1911. 

10. Growth period in 

140 

147 

145 

129 

158 

163 

142 

136 

135 

days 










11, Consist- ( 

.3 

7 

27 

62 

83 

57 

46 

57 

90 

....cy o£ - % 5;‘r 

.56 

41 

65 

28 

64 

9 

33 

17 

0 

26 

17 

37 

17 

32 

11 

9 

1 

12. Nitrogen percen- 

2-22 

2*41 

1*46 

1*80 

1 *57 

1*76 

1*80 

1*54 

1*78 

tage 







13. Weight of 1,000 

41*75 

43*75 

38*87 

40*603 

34*02 

.37 "41 

39*40 

3S*SS 

42*27 

grains in grammes 









14, Order of merit in 

First, 

Second. 

Third. 

Fourth. 

Fifth. 

Not te.«ted. 

Not tested. 

Not tested. 

Not tested. 

ooinmerdal value 









Trial of Pusa 12 at nine stations, 1910”! 


1. Type of soil .. Heavy loam. 

2. Previous crop . . Cotton. 

3. Manuring . . 


Pir.SA. 
Light loam. 
M'hoat. 


Amgaiui. 


Loam. 

Cotton. 


Hankjimkb. ^ Lyamautk. 
fcitilf «;la,y. Sandy clay. 


m:bekut. 
Heavy loam. 


Typical vlieat Loam, 
soil {mar). 


A lts paddy rea- San ploughed in. Peas, 
pod on 29tli 
Sep. 1910. 


Oram. 


\Vheat. 


(•»;? md.s. poudrottc 
pur aero. 


San ploughed in 
on 1st Oct. 1910. 


Nil 


j . I’rupM Tiitioa for 
V lif-at. 


Six ploughings tN posed several 
wiih ir*m ploughs times hy iron 


(14th March, 9th 
July, Jrd & 31.sb 
Aug., 19th Sep., 
13th Oct. 1910). 
One ploughing 
witli country 
plough (18th Oct. 
19101 


hind the country 
plough. 


ploughs durin ,, 
p r e V i o u s hot 
.seusou, aft envards 
fallowed. 


Six: ploughings 
■with iron ploughs 
(8th .Ian., hth 
.Inly, 27th Aug., 
.7tli, 18th Sep. & 
29bh Sep. 1910). 
Four ploiigluugs 
with etuiutry 
plough (28th July, 
12th Out., 2 till 


Fight plough- 
iug.s between 
4fJi ;n<iv. 
&, Oth Nov 
1910. 


IJarroued on 29th Seven ploughings 
Oct. 1910 and with the emintry 


irrigated on .ath 
Nov. ItllO pre- 
A'ious 1,0 sowing. 
Ploughed on 10th 
Nov.' 1910. 


plough (201 h 

:),ilv,41h fr U)th 
Aug., 2.71 h Sept,, 
18t,ii, 23r(l & 2.7t}i 
Oot. 1910). 


^Ploiiglual onec 
■with iron 
p I o u eh on 
21 si. .Inly 
1910 and e\d- 
tivated once 
with the 
hakhitr on 
Kith Oet. 
191.0. 


ploughed live 

times vith iron 
])]oughs (7th & 
11 til A})!']!, 5th 
;May, (ith .June, 
71h .July 1910), 
and live times 
with the country 
plough (leth 

.July, 13th, ISth, 
22nd & 23rd Oct. 


Dumbaon. 

Loam . 


A us paddy 
harvested 
on 1st Oct. 
1910. 

83 mds. cowi'- 
dimg ap- 
p 1 i ed on 
20tli Oct. 
1910. 

■ PI o u g b e d 
once with 
iron xJough 
on lOth 
Oct. 1910, 
four times 
with native 
]) 1 o u g h 
(24th & 

25th Oct . 
1910). 


•6. Seed rate (lbs. per 
acre) 

8. Irrigation 


(10 

26 -.74 
1-87 


Twice (20th Nov. 
1910 & 21.st .Jan. 
1911). 


9, Date of harvesting 

10. OrowTh period in 
• days. 

11. Consist- 
encyof ^^^^aiate 
sample 

12. Nitrogen percentage 

13. Weight of 1,000 
grains in grammes 

14. Order of merit in 
commercial value 


24th March 1911, 
140 


0 

47 

.73 

1-38 

40 -81 

First. 



Oct, & 30tii Oct. 





1910). 


22nd Oct. 1910, l«i- 
liind the country 
X)lough. 

1910). 

71 li Nov. 1910, 
with drill. 

8tlt Nov. 1910. 
with local 

drill. 

12th Nov. 1910, 
behind the cuiin- 
try plough. 

2nd Nov. 1910, 
behind tluj 
country plougli. 

0th. Nov. 1910, 
Txddnd the 
C(,iuntry drill. 

24.th Oct. 1910, be- 
hind the country 
]>lough. 

30th Oct. 

1910, with 
local drill. 


100 

00 

100 

100 

120 

iOO 

32-11 

2(i-30 

77-79 

15-72 

29-23 

30-50 

2-58 

45-21 

4-33 

48-90 

3-42 . 

1-42 

2-77 

1-03 

1-07 

o 72 




Nil. 

1'lirco i.inms (4th 
Dee. 1910, 9th 
& 20th Feb. 

Oner on 19th 
^ dan. 1911. 

Four times (22nd 
Dec, 1910, 16th 
Ihdj., 8th March 

Once on 3rtl Dec. 
1910. 

Once on 21st 
Dec. 1910. 

Twice (8th Dec. 
1910 & 11th Feb. 
1911). 

Twice (17th 
Dec. 1910 
& 13th Feb. 
1911). 

23rd March 1911. 

1911). 

30th March 1911. 

3rd April 1911. 

& 13th April 
1911). 

19th April 1911. 

14th April 1911. 

103 

27th Ma,rch. 
1911. 
142 

22nd .March 1911. 

148 

2nd April 
1911. 

154 

, 152 

144 

140 

1:»8 

30 

4,2 


so 

13 

. 3 

4 

43 

88 

7 

92 

27 

80 

09 

10 

12 

31 

28 

18 

1 

17 

27 

11 

0 


1-00 

1-56 '■ 

1-75 

2 '25 

42-64 

2-17 

37-25 

1-77 

40-78 

1 -01 

35-73 

35-03 

38-08 

38-03 

38-15 

Second. 

TJiird. 

Fourth. 

Fifth. 

Not tested. 

Not tested. 

Not tested. 

Not tested. 



Trml of Pusa 22 at nine stations^ 1910-.il. 



Oawnpobe. 

Po.SA. 

A|. 1 (!AIU|. 

Ha NIC I noun. 

Lyallpub. 

Mkerut. 

Orai. ^ 

Partabgarh. 

DtraiEAON. 

1. Type of soil 

Heavy loam. 

Light loam. 

Loam. 

Stiff clay. 

Sandy loam. 

Heavy loa.m. 

Typical wheat 
■soil {nmr). 

, Loam. 

Loam, 

2. Previous crop 

Wheat. 

Wheat. 

Cotton. 

Am paddy 
reaped on 
2nth Sep, 
1910, 

ploughed in. 

Peas. 

Gram. 

Wheat. 

paddy har- 
vested on 1st 
October 1910. 

3. Manuring 

Nil. 

Nil. 

63 mds. pondrotte 
per acii-e. 

Nil. 

Smi ploughed in on 
Lst October 1910. 

Nil. 

Nil. 

Nil. 

S3 mds. of cow- 
dung applied 
on 22nd Oct, 
1910. 

4, P r e p a j- tr tion for 
wheat; 

Six ])ionghing,s 

with iron plough 
(.")th .May, lOth 
.July, -till A.ug., 
J.st & 20th Sept., 
Jlth Oct. 1910). 
Once rvith 
oormtry plough 
(I.Stli Oct. 1910). 

ExjKiscd by iron 
plough.s during 
previous hoi. 

sca.son, aftiu*- 

wards fiiHuwcal. 

Fi%a^ ploiigli i n g ,s 
with iron plongh 
(17th Den DH)!», 
litli .|iin.,.5th Aug., 
.5th & 17th Se]). 
1910). four 

plonglnng,s with 
coiint.rv j»lougl> 
(28th .Jiilv, 12th, 
241, h & 3dth Oct, 
1910). 

bligh t plough - 
ing.s lietween 
4th and OtJi 
Nov. 1910, 

Marnnved on 29th 
Oct, and irrigat- 
t'd on nth Nov. 
1910 previous to 
sowing. Ploughed 
on 10th Nov. 
1910. 

Seven plonghings 
with country 

plough (20th 

.i uly, 4th & 16th 
Aug., 25th Sep,, 
ISth, 23rd & 25th 
Oet. 1910). 

Ploughed once 
with iron 

plongh on 
21st' .July 
1910 and 

cnltiv ate d 
once with 

the haklmr 
on 16th Oct. 
1910. 

Five plonghings 
with iron plough 
(7th & nth April, 
,5tli May, 6th .June, 
& 7th .July 1910), 
five plonghings 
Anth country 
plough (IGtii 

July^ 13th, 18th, 
22n‘d & 23rd Oct. 
1910). 

One ploughing 
with iron 

plough (10th 
Oct. 1910), 
four plongh- 
ings w i t h 
c o"u n t r y 
plough on 

2 4 til and 
25th 0 c t . 
1910. 

6. Date and method 
of .sowing 

30tli Oet. 1910, be- 
hind the country 
plough. 

2Stli Oct. 1910, be- 
hind the country 
plough. 

51, h Nov. 1910, with 
drill. 

8th Nov. 1910, 
with ;lo(ud 
drill 

121, h Nov. 1910, be- 
hind tlie <iountry 
lilongh. 

2nd Nov. 1910, be- 
hind the country 
plongh. 

6th Nov. 1910, 
behind the 
country 
plough. 

24th Oct. 1910, 
b e h i n d the 
(jountry plough. 

30th Oet. 1910, 
Avith 1 0 e a 1 
drill. 

6. Seed rate (Ih,?. per 
acre) 

00 

55 

82 

100 

00 

100 

100 

120 

100 

7. Rain- f 
fall in - 

inches growth 

t period 

20-54 

1-87 

32- li 

1-42 

26-;SO 

2-57 

55-59 

1 -03 

I5-.52 

4-0.5 

29-23 

5-52 

36-50 

2-.5S 

45-21 

4-33 

48-96 

3-42 

8. Irrigation 

Three time.s (21st 
17th Dec. 
1910, 5th Feb- 
ruary 1911). 

Nil. 

Three l.i!ne.s (9tii 
Dee, 1910, 9tll & 
201, li Ifah. 1911). 

Once (lOtli 
Jan. 1911). 

b'our tiine,s (2-2nd 
Nov. 1910, 16th 
Feb., 8th March, 
and 13th April 

Once (3rd Dec. 
1910). 

Once (21st Dec. 
3910). 

(fwice (8th .Dec. 
1910, nth Feb, 
1911). 

Twice ( 1 7 1 h 
Dec. 1910, 
13th Feb. 
1911). 

9. Date of harvesting 

2(3th March 1911." 

26th March 1911. 

31st]\Iareh 1011 

5th .4piil lul l 

1911). 

20th April 1911. 

14th April 1911. 

5th April 1911. 

22nd March 1911. 

2nd April 1911. 

10. Growth period in 
days 

148 

149 

145 

148 

159 

163 

151 

148 

154 

11. Consist- fit? '■ 

encyof . % loterme- 

0 

75 

5 

34 

01 

3 

45 

52 

20 

.53 

21 

91 

9 

0 

30 

05 

1 

33 

06 

53 

29 

IS 

53 

34 

13 

12. Nitrogen percentage/ 

1-91 

1-97 

1-.5.5 

1-70 

1-74 

1-79 

1-83 

1-63 

1-68 

13. Weight of 1,000 
grain, s in grainme.s 

34-80 

30-12 

28-58 

32-20 

25-42 

25-58 

26-25 

29-70 

26-07 

14. Order of merit in 
commercial value 

First. 

Second. 

I’hird. 

Fourth, 

Fifth. 

Not tested. 

Not tested. 

Not tested. 

Not tested. 
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Raipur is situated in the Chattisgarh Division of the Central Prov- 
inces and is characteristic of the black, moisture-retaining soils of 
this part of India. The three most important stations of North- 
Western India are Cawnpore, Aligarh and Ly allpur. At all these 
the crop is grown by means of canal irrigation, and all are situated 
in tractS; which, at the present time, grow large quantities of weak 
wheats like Muzaffarnagar for the export trade. It is sometimes 
stated that high quality wheats cannot be grown under canal 
irrigation in Northern India so that the results of the present 
trials are of particular interest. 

The cultivation details relating to these various samples are 
given in the tables, and the results of the milling and baking 
tests are dealt with in full below. As the cost of milling and baking 
the whole thirty-six samples would have been very great, a selection 
had to be made, and for this purpose Cawnpore, Pusa,, Aligarh, 
Bankipore, Raipur and Lyallpur were chosen. 

Repoet by Mr. A. B. Humphries (Past President op the 

National Association op British and Irish Millers) on 

twenty-pour samples op Indian wheat, grown in 1911 . 

' In each of the last three years, I have tested and furnished a 
report upon various sample lots of Indian wheat sent to me by the 
Indian Government for that purpose. In those reports, I have 
discussed many points concerning the qualities and commercial 
value of wheat and wheaten flour, which I need not repeat at length 
lierein. It may, however, be desirable to summarise a few of them. 

By the term strength I mean the capacity for maldng 
large, shapely, well aerated loaves, by stability the facihty with 
which large masses of dough can be handled in the bakehouse. 
Good flavour implies a pleasant moistness and slight sweetness in 
bread at least one day old. Good colour means brightness of 
appearance, associated either with whiteness or with a slight yellow- 
ness. Dinginess is bad whatever the hue may be, and yellowness 
must be slight, if the flour or bread is to be highly esteemed for 
colour. The capacity for making a large quantity of bread from 


T2 ENVIRONMENT MILLING QUALITIES. 

a given quantity of flour is another unit of (jiiality, S(‘.j^a.ra.le. and 
distinct from strength or stability, and having regal’d to tlie fae! 
that in ail these tests, I am dealing with small ((uaniities of wlieai , 
I have made no attempt to determine the relativi^ merils of !hes(‘ 
sample lots on this point. 

The colour of the bran does not necessarily indicate the colour 
of the endosperm ; wheat with a red skin may yield a very white 
flour, or a wheat with a white sldn may yield a very yellow flour. 
Nor is a red wheat necessarily or even probably stronger than 
a white one ; but inasmuch as white bran is generally more vahiabb'. 
as a commercial commodity than red bran, also because ])owdered 
white bran is less discolouring than powdered red. liran, and as in 
grinding, some of the husk always is powdered, white wlnait is bidlcr 
than red wheat, if on all other points they are actually or a])})j*oxi“ 
mately equal. But on the other hand, the growing of red wh,ea.t 
need not be discouraged if there be any valid general or local 
reasons for preferring some existing red varieties, or if there 
should be any prejudice in some parts of India in favour of red 
wheat. 

British millers do not object to hardness in ordinary wlieat 
{T. vulgare) nor do they object to mellowness, so long as the wheat is 
free-milling. They very strongly prefer wheat which can be 
easily separated into its commercial constituents, so that the bran 
can be removed with a minimum of grinding, and the flour be 
separated with a minimum of trouble in dressing. 

Relative commercial values depend upon supply and demand 
and strong wheats are ordinarily in relatively small supply and 
command higher prices than weak wheats. But there will always 
be a demand for some weak wheats, from which flours most 
suitable for the manufacture of biscuits or puddings can be pro- 
duced, or which can be mixed with very strong wheats for the pro- 
duction of many typical British bread flours. From these premises 
it follows that the difference in commercial value betwu'nn strong and 
weak wheats is not a constant one, but does and will vary from time 
to time as the relative supply of each type varies. On the average 
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of seasons, however, strong wheats are likely to command sub-, 
stantially higher prices than weak ones. 

All Indian wheats possess stability in a high degree, that is to 
say, the baker handling large masses of dough produced from flour 
obtained from Indian wheats only, is not at all troubled by stickiness 
or kindred faults, but some of the new varieties possess in addition 
to that good point, the toughness and resihence of dough charac- 
teristic of American or Canadian Spring wheats. This improve- 
ment and increase in strength as herein defined, can be developed 
by skilful wheat conditioning and by the use in baking of malt 
extracts possessing high diastatic power. Some wheats possess 
potentialities which can be developed in this way, others do not. 

I have received for testing this year five varieties of wheat : — 

Muzafiarnagar. 

Piisa 8. 

Pusa 12. 

Pusa 22. 

Pusa 4. 

Each of the first four varieties was grown at five places — 

Aligarh. 

Bankipore. 

Cawnpore. 

Lyallpur. 

Pusa. 

One of the varieties (Pusa 22) was also grown at Pusa on land 
which had been waterlogged. Of these four varieties, I therefore 
received twenty-one lots. I also received three lots of the variety 
Pusa 4 ; one grown at Pusa, another at Raipur on unirrigated land 
and another at Raipur on irrigated land. All of these twenty-four 
sample lots were white wheat. 

I have cleaned, conditioned, milled and baked each one 
separately. It was necessary to clean them, because the samples 
from Lyallpur, and in lesser degree the samples from Pusa were 
dirty. They appeared to have been subjected to unfavourable 
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climatic conditions during harvesting or threshing, lloivcvu, 

I was able to remove that blemish by washing and scouring. 

Investigations I have made in the last twelve months and 
recorded at the Portsmouth Meeting of the British Assooi.ai, mi. 
show that wheat conditioning biiiigs about small but fiindamui a 

changes in the constitution of the flour. I have, therefore, ^uip iW 
niy usual programiue for conditioning sucli sample ots, 
sought ill still greater degree to give each lot the degree o - con 
ditioning it required. With that object, I conditioned thern 
slightly at the outset and then increased the percentage of addetl 
water in those cases which would he improved by the addition. .. s 
a result of this part of the investigation, the Muzaffarnagars and 
Pusa 8 received much less conditioning water than the others. 
A very great, indeed I may say an extraoidinaiil)' great improve 
ment was brought about in Pusa 22 in this way, ami substantial im- 
provements were made in Pusa 12 and Pusa 4. 

I baked almost all of them four times each. For the first two 
trials in each case, I used flour, water, salt and yeast only. Al- 
most invariably Indian wlieat is mixed by British millers with other 
kinds, so in the second round of baking trials, 1 used a lypical 
British flour milled from a mixture of several wheats, foreign and 
English, taking in each case 50% ‘^^^l adding 50% 

from each, sample lot of Indian. For the thiirl round, I used a very 
small percentage of malt extract and grouped . the flours according 
to the place where the wheats had been grown. For the fourth 
round, I again used the malt extract and reverted to tlie grouping 
of flours according to the variety of the wheats. 

Following my usual custom, I examined each sample by eye 
before milling : a method which is, of course, used by millers in 
buying wheat, especially the first lot of any new kind. Having 
finally written down all the data upon which I should for,m 
opinions, I then referred to previous reports to see in what way 
results had been affected by seasonal, or agricultural causes in 
India, or a nv other way. 
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Muzaffarmgars. \ 

All these live lots are typical of the variety, and I need not 
describe them in detail. In previous years, I have received among 
a larger number of Miizalfarnagar samples, consignments raised at 
the five centres from which this year’s sample lots came. Judged 
by appearance and aided by reference to former reports I find the 
following interesting comparisons can be made concerning the order 
of merit in each season: — 


1909. 

Oawnpore. 

Pusa. 

Aligarh. 

Bankipore. 

Lyallpiir. 


1910. 

Pusa. 

Oawnpore. 

Aligarh. 

Bankipore. 

Lyallpur, 


1911. 

Oawnpore. 

Pusa. 

Aligarh. 

Bankipore. 

Lyallpur. 


In 1909, the samples represented great differences in money 
value. In 1910, those differences were much smaller. This year 
they are again relatively small. The Oawnpore lot is of very 
pleasing appearance, very good indeed of its kind. Pusa is not 
much behind it in appearance. The Lyallpur lot was dirty, but apart 
from that unfortunate and presumably avoidable blemish it is sub- 
stantially as good in appearance as the Aligarh, and Bankipore lots. 
This variety should not be heavily conditioned, and if that precau- 
tion be observed, it can be milled satisfactorily. There was no 
appreciable difference between the five lots concerning that stage of 
my investigation. Judged by their behaviour in the bakehouse, the 
differences are substantial but not great. Oawnpore and Pusa are 
very close together at the top, Bankipore and Lyallpur at the 
bottom, so that their relative values, judged by appearance, are 
a correct index of their baking values. 

The Lyallpur loaves possessed a crust characteristic of Eivet 
wheat, one of our commonest English varieties, and more nearly 
resembled the ordinary Kurrachee wheats of commerce than any 
other sample. Erom this remark it may be inferred that the other 
four lots are superior in baking value to ordinary Kurrachee wheat. 
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The presence of translucent berries improves the ap|Kiaraiu;e, 
of a sample according to usual ideas concerning commercial e.xcid- 
lence, but that causes the flour obtained from such lots to be brighter 
and more yellow, or at least less white than that produced from lots 
of the same variety which contain no translucent berries. So 
whereas the bread produced from this Lyallpur lot was worse in 
colour and general appearance than the others, the flour itself was 
relatively white in hue, and therefore, quite as well fitted for tlie 
making of puddings and biscuits as the substantially better lots 
from Cawnpore and Pusa. 

I need not refer in detail to my previously expressed opinions 
concerning this variety. For certain purposes and under certain 
conditions it yields good flour, but for modern requirements of 
actual milling and for the making of bread, either of the other 
varieties sent me this year are much better having regard to their 
behaviour at all five places. 


Piisa 8. 

In some respects this wheat is not unlike Muzaftarnagar, and the 
similarity is more apparent in the lots grown at Bankipore and 
Aligarh than in others. The Lyallpur lot has a dusty, dingy appear- 
ance and has a black spot at the germ end of the berry. This last 
named blemish occurs also in the Pusa sample, and to a very slight 
extent in that grown at Cawnpore. However, that does not seem 
to damage the flour and need not be regarded as a serious fault. 
The Cawnpore has the appearance of strength and so has the Pusa 
lot, but in lesser degree. The others look weak, that from Lyallpur 
decidedly so. According to appearance the five lots should be 
placed in the following order of merit ; — 

Cawnpore. 

Pusa. 

Aligarh. 

Bankipore. 

Lyallpur. 
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siiralaxly to Muzaffarnagar, 

In millmg, this vane y llnwneas so that for optimum 

possessing as it does the respond to iimoh 

results it does not recimre and will not sate J 

ooiiditioiiiiig. p„,a and Cawnpore lots show 

: :"«riority to 

^^fT' b!th IrLtle 'Ces can he obtained. There is a 
superiority in the other 

the same places, but ^y aU y ^^^^^ ,3eot 

by lapse of time the the Pusa lot be 

.nd " T 

very nvidi like Kus&i . also, 

worthy. The bakehouse reylts, - ^ ^hkn by 

— I a....,- .»« - * 

close together. 

Pits® 12. 

rm, • also resembles Muzafiarnagar in appearance, and it is 

Thisvaiiety a sor 

free from the be described as a mellow wheat, 

u rria“?from Marnagar and in lesser degree tom Pusa S 
but It difteis tom i improved, and its behaviour m 

because Its baking q ^ affected by the addition 

the milhng jf that process be applied severely. 

of. merit :■— 


Cawnpore. 

pusa. 

Aligarli. 

Bankipore. 

Lyallpur. 
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and tlie difiereiices between them are great, for the Cawnporc loi 
is a very beautiful sample, and the Lyallpiir a distinctly poor one. 
Stated in money value, the diherence is from half a crown to three 
shillings per quarter. The Pusa sample is a good one, and so arc* 
the Aligarh and the Bankipore lots, but in the cases of this variety, 
the differences between each lot are approximately equal, the best 
being very good, the worst distinctly poor. I find, however, this 
important difference in baking value. In the cases of Muzaffarnagar 
and Pusa 8 already dealt with, the differences disclosed by baking 
tests are substantial. In this case, the baking results tally in ord(}r 
of merit with my judgment as to appearance, but the differences 
are not large. This really means that the Aligarh, Bankipore and 
Lyallpiir lots bake out really well. From the last named, we did 
not obtain a tough dough, but in increasing degrees from all the 
others we do so, and a baker avIi.o has to handle large masses of 
dough regularly for stability would very much prefer Pusa 12 flour 
to Muzaffarnagar and in lesser degree to Pusa 8. 


Pusa 22. 


This variety differs greatly on several points from Muzaffar- 
nagar, Pusa 8, and Pusa 12. The berries are comparatively short 
and would be described in technical phrase as round or short- 
berried, whereas the others would be described as long-berried. 
It is distinctly hard by nature whereas the others are mellow. I 
have not hereinbefore used the terms woolly and its technical 
opposite free-milling, which I explained at length in previous 
reports, but I may say at this stage that whereas Muzaffarnagar 
and Pusa 8 are mellow and either slightly or markedly woolly 
in texture (in other words possess physical characteristics which 
prevent the miller from making separations of branny husk from 
kernel easily), the Pusa 12 is mellow and free-milling; and Pusa 22 
is hard and free-milling. Furthermore, the addition of water 
in conditioning to Pusa 12 improved its baking qualities and 
was not required to improve its behaviour in the milling pro- 
cesses ; but in the case of Pusa 22, the conditioning was desii- 
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able for botli reasons and brought about a remarkable change. 
All tliese lots contained a comparatively low percentage of water 
when I made the first round of milling tests. When the fl.ou].‘s 
()])taiiied from that round were baked, Pusa 22 gave a surprising 
result, for I knew that it was White Jana Khar which, in 1909, 
yielded flour of the highest class, possessing among other first rate 
cliaracteristics a really great strength ; yet from the first milling this 
season we obtained flour which was not strong, though first rate in 
other respects. Finally, after some experimenting, I raised the 
water content of the wdieat to high figures, and- then let some 
part of it remain for a considerable time before it was milled. Then 
we obtained results in the bakehouse similar to those of 1909, and 
the behaviour of the variety during the milling processes of 
grinding and dressing ’was first rate. Even so, I liave not this yeai; 
obtained cjiiite so good baking results as in 1909, but the miller and 
Iniker would be extremely hard to please if they were not content 
with them even this year. Judged by appearance, we again get 
the same order of merit as in. the previous cases stated herein — 

Cawnpore. 

Pusa. 

Aligarh. 

Baiikipore. 

Lyallpiir. 

with this difference, that the Pusa and Aligarh lots should be 
bracketed equal. Furthermore, the appearance of these ’wheats 
provided a forecast of some of the baking results already specified, 
for though the Cawnpore lot looked strong, the others did not this 
season appear to be nearly so strong as the one lot of this variety 
which I received in 1909. All of them are really good as regards 
stability, and the order of merit on that point of quality agrees with 
their appearance as recorded above. In that respect they stand well 
ill competition with wheat from any part of the world and the 
Cawnpore lot gets into the very highest class. As regards the one point 
of strength (size of loaf) the results are not so good, and all five lots 
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are close together, but taldng all points of quaHty into consideration 
the results are very good indeed. The extra lot from Pusa, grown 
on land wHoli had been waterlogged, contaiirecl a substantial pro- 
portion of shrivelled or imperfectly developed grain, and this would 
reduce its commercial value 6d. to 9(1. per quarter below that of the 
Pusa lot grown under normal conditions. Apart from that there 
is practically no difference between the two samples. The preference 
woirld be given to the rrormally grown lot on the other points of 
quality, but it would be a preference only, representing no further 
difieience in commercial value. 


Pusa 4. 

All tliiee samples of this variety (Pusa, Raipur imirrigatcd. and 
Raipur irrigated) are in the category of hard, free-milling wheats. 
The Raipur unirrigated lot is truly superb in appearance, indeed 1 
do not think I am exaggerating if .1 sa,y, it is the finest looking lot 
of Indian wheat I have ever seen. The Raipur irrigated is dis- 
tinctly inferior to it in appearance, but is nevertheless a very beauti- 
ful sample. The lot from Pusa sufiers by the comparison, it 
contains some damaged corns and is dingy in appearance. The 
black spot at the blunt or germ end of the berry occurs this year 
again in this lot, and it is a blemish, though not a serious one. 
Nevertheless this lot appears to be strong and is so, in fact as well in 
appearance. Unfortunately, I received only comparatively sinall 
quantities of this variety, so have not been able to make extendcHl 
baking tests with it. But the results I did obtain were good. In 
hue, and general appearance of crust and crumb, the Raipur lots are 
of the very highest class, but on the one point of strength they are 
really good without being extraordinary judged by the standard of 
typical London flour. The Pusa lot is, however, extremely good on 
all points including strength, in other words, is better than it loolvs. 
A miller buying the wheats for the first time on appearamxi only 
would unhesitating^ place the Raipur unirrigated lot not only til 
the head of the Pusa 4 variety, hut of the entire lot I luive r(H'{‘i ved 
this season ; but having milled and baked them under the coiKiiliions 
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dascribed herem. I should myself choose the Pnsa 4 lot grown at 

Pusa for that position. 

The Wheats groivn at rusa. 

T yeaa-s I have reported very favourably on wheats 

f . J’V ! Nursety obtained 

of the Pusa y I j also „oted that, as a rule, 

“ roli“at that centre behaved better than the same 
any variety go j recommended that wheats of the 

variety gtow^ ^up should be tried at several centres before a final 
Pusa Nursery of superiority should be given. I was 

opinion as to Economic Botanists at Pusa and 

therefore, pie- ^ action anticipated my recommendation, 

Cawnpore hac behaved at 

rendering « P i^^wn that no variety is 

several places abundantly evident in the 

n 7 rKiom,' iniicli more is it likely to be so in a coiudry of 
United K“ I have, therefore, in dealing with this 

great eUston ' _ twenty-four samples examined them not only 

year s ^ to variety, but also by groups according to their 

by groups ac 1 desire to make the following remarks upon 

tamk classification. It will have been seen how 
! iv lUiifonn the order of merit is this year in the case of 
extremely information directly or indirectly 

all varieties. conditions prevailing this year at Pusa dimiig 

7^* * T option, harvesting and threshing of its wheats, but I 

the tte appearance of the samples that those 

should ^ P relatively unfavourable, 

climatic coi _ considerable experience, I am used to 

However, as the grower 

evidences o^l^^ gt^eir importance. That is the reason 

ocmerchan ,t Pusa so highly 

,,hy 1 hai^ “ ^.auce. But the baking results confirm mj 
according appearance and I need at this iuncture merely 

opinions ba ^ P varieties suits the 

ler^t’furnishedbyPusa. 

environmeu^ t? 


32 ewirohmbnt and milling qualities. 

Judged by appearance the blemishes already mentioned, held 
Pusa 4 from the first place. For that position P'‘sa ^ 

12 could be bracketed. Then I placed Pusa 4, with Pusa -- an. 
Muzaffarnagar follomng. But milling and bakmg taaJs upsi, ■ 
that order, and in spite of its blemishes, Pnsa 4 goes to the top amt 
the order of merit is this : — 

Pusa 4. 

Pusa 8. 
pusa 12. 

Pusa 22. 

Muzaffarnagar. 

GdwnfOfe Wlie.dts. 

I suppose the climatic conditions at this centre must have been 
excellent for all four varieties grown there are of beautiful iputlity 
and appearance. I received no sample of Pusa 4 from Cawnpore or 
the places remaining to be mentioned. On appearance the order of 
merit is simple, for I bracketed Pusa 12, Pusa 8 and Pusa 22 equal, 
then the Muzaffarnagar. The milling and baking tests, however, 
sort them out and the order of merit then is, 

Pusa 12. 
pusa 8. 

Pusa 22. 

Muzafiarnagar. 

The Pusa 12 and Pusa 8 are distinctly superior to the other two 
■varieties at this centre. 



Aligarh Wheats. 

In no case is the Aligarh sample equal either to the Cawnpore 
or Pusa lot, but appearances and the milling and baking tests agree 
in revealing substantial differences and the order of merit is— 
Pusa 12i 

Pusa22r'l'“’- 

Pusa 8. 

Muzafernagar. 
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Banhifore Wheats, 

'• In. this case also appearances and the milling and baking results 
agree. The differences though appreciable are not so great as in the 
former cases, and each sample is pale in flour. 

The order of merit is — 

Pusa 121 

Pusa 8, 

Muzaffarnagar. 

Lyall'puf Wheats. 

Believing that this centre represents a district in which a large 
quantity of Muzaffarnagar is grown, I have been curious to see how 
the comparison would come out. When examining these wheats by 
appearance, I dictated the following note 

‘ ‘ Muzaffarnagar is the best looking, the others are so dingy and 
generally poor, that on appearance nobody would give more for 
them. They may be slightly stronger, but from appearance 
Muzaffarnagar is the best wheat grown at this station, and there is 
practically nothing between the others. ’ ’ I shall be glad to learn in 
due course whether the climatic conditions during harvesting or 
threshing were alike for all four varieties ; whether for instance the 
Muzaffarnagar ripened earlier or later than the others, and so 
escaped some bad weather from which the others suffered ; 
alternately whether they were threshed under comparable conditions. 
If the former alternative be the reason why the three new varieties 
appear to be relatively poor in appearance, it will be interesting to 
know whether the unfavourable conditions are likely to occur in 
other seasons, or whether they are merely an accident of the last one. 

In the milling processes Muzaffarnagar is rather better than 
Pusa 8, but inferior to Pusa 12 and Pusa 22. In the bakehouse 
the effects of superior breed triumph, as they usually do, over other 
influences under such conditions as these, so on baking results the 
order of merit is this : — 

Pusa 12. 

Pusa 22. 


34 environment and milling qualities. 

Piisa 8. 

Miizaffaraagar. 

and tlie difierences are substantial. 

I believe tliat Sir James Wilson has advocated in public tlie 
separate marketing of Muzalfarnagar wheat, and I certainly en- 
dorse his recommendation and extend it. It can readily be 
understood that the shipping of great quantities of wheat from 
one port is facilitated by making up a commercial type upon 
which a very great business can be transacted, but, on the 
other hand, the later developments of milling have intensihed 
the importance of treating each wheat according to its indivi- 
dual requirements. Choice white Kurrachee is a mixture of two 
principal types of wheat, one (principally Muzalfarnagar) meJlo^v 
and woolly, the other hard and free-milling kinds. No miller 
can make the best of both kinds when he receives tlitun mixed 
together. He may desire or be perfectly willing to buy both, but 
if sellers wish to make the most of such widely differing wheats, 
they must, by offering them separately, put the miller in a position, 
to treat each one to the best advantage. 1 do not wish to iulvocate 
any extreme course, or I should say that it would be wise to kee]> 
Muzalfarnagar and Pusa 8 separate, if the latter should be gi’o wn 
to a substantial extent in the Punjab or United Provinc(‘s, 
but bearing in mind the exigencies of a large export l)UsineHS, I 
would as a practical proposition be content to see these' two 
varieties grouped together for export, but if Pusa, 12, or nioi*<* 
emphatically if Pusa 22 be largely grown in districts sufiplying 
the port of Kurrachee, the recommendation to keep tliern separatt; 
from Muzaffarnagar is important. 


N|- 

V, 

t i 



Simimary. 

The results I have obtained again demonstrate the wi^ll-kuowu 
fact that differences in soil, climate and water-supply do .nia,t,('rially 
affect the quality of wheat. I need not emphasize that point now. 
But another point is equally apparent from these tests ; t,ha,l, tlm 
inherent and hereditary influences of breed are extremely important., 
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perhaps predominant. The following table will illustrate the 
point omitting for tiiis purpose Pusa 4 altogether - 


Aligarh 

Bankipur 

Cawnpore 

Lyallpur 

Pusa 


Pum 12. Pusa 22. Pusa 8. Muzaffarnagar. 


1 1 

. 1 1 
1 3 

1 2 

1 3 


3 4 

3 4 

2 4 

3 4 

1 4 


10 12 20 


In this table I have set out the order of merit indicated by 
milling and baking tests, and the figures at the bottom of each 
column show how on results so obtained, Pusa 12 comes out top 
with Pusa 22 and Pusa 8 close together and Muzaffarnagar last. 
The additions are made merely to indicate the order of merit and 
not their relative degrees of excellence. For my own guidance, I 
have recorded results in marks and the addition of them, grouped 
according to variety, yields the same order of merit. I have already 
shown that the differences between the varieties are not the same 
at all centres, but the broad principle comes out clearly from 
these tests that the effect of breed is predominant or at least 
is extremely important. I do not think, however, that any one 
variety will be equally suitable for all those parts of India in which 
ordinary wheat {T. vulgare) is or can be grown, and I should 
like to see these tests continued and extended to other varieties. 


I should also like to repeat the opinion expressed in my pre- 
vious reports, that the financial return to the grower should be 
the predominant influence in determining the suitability of any or 
all varieties of wheat in India as elsewhere. British millers are hkely 
to pay relatively high prices for the wheats I have tested, compared 
with the existing typical Kurrachee and Calcutta wheats exported, 
and this remark includes Muzaffarnagar also, for that can be used 
satisfactorily for special purposes, and is for them more valuable 
than ordinary Choice White Kurrachee, or No. 2 Club, Calcutta; 
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but British millers are not likely to pay an in(irc*.‘iS{Hl 
to compensate the grower for a substantially (limuushc<l 
Furthermore, British millers are in a better positiou tliaji (‘Vt'r tht‘y 
were to make the best use of any and every kiiid of wheat oflercMi 
them, provided widely differing kinds are sold separately aiul iioi' 
mixed together. 

It seems to me, that this year’s results are most encouraging 
to all concerned in the work. I have been compelled in handling 
small quantities of wheat to use methods of milling inJVrior to those 
used in ordinary milling plants worked commercially, bui; t In^ ba.lov- 
house results I have obtained are astonishingly good as rt'gards Ihe 
colour and general appearance of the bread obtaim'd, and judg(ul 
on all points of quality any one of these wheats, Mima.lTa.i‘Juigai* 
included, provided the precautions I have specified are observi'd, 
are on the whole much superior to those obtained from ordinary 
Indian wheats milled on a commercial scale, and as we iiav(> sc.mi, 
the newer varieties are superior for bread making to Miizaffariiaga,]*. 
I should especially like to see Pusa 4 tested extensively, ioid tlie 
cause for its small black spot blemish investigated. On balance 
of points, I selected it from last year’s set of samples for special 
comparison with Manitoba wheat, and most certainly it is a variety 
which should be carefully watched and tested as one of sevcvral 
likely to be very useful in providing first class and mucli irnpi’oved 
wheat for export to Great Britain.” 


Weybridge, England, -j 
The 29th November 1911./ 


A. E. IlUMPIffilES. 


Several very interesting results are to be found in this report 
which it is proposed to deal with briefly. The first relates to the 
tests of the Muzaffarnagar samples which are summed up in the table 
following (see page 87). These behaved in 191 1 practically like those 
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of the previous year, and it is clear that little of no hniln'T 
differences are likely to be obtained by the continncd trial oi this 
wheat. In the three seasons, 1909 to 1911, the ordei' oi nun'ii' in, 
commercial value has been almost the same witli (iiwn])ore and 
Pusa at the top followed by Aligarh and Bankipore with 
Lyallpur last. In no case has this wheat become strong, it has 
always remained a weak wheat with somewhat inferior milling 
qualities but when grown to perfection at Cawnpore and Pusa 
the sample has been improved in appearance, and has doiu* 
better in the mill and bakehouse. This indicates, as woidd l)e 
expected, that in the maintenance of quality the. nudhods of grow- 
ing wheat are of some importance. As regards further work with 
this wheat it is proposed in 1912-13 to grow all the. iMuzidTai-nagars 
from each centre side by side at Aligarh and to compar(' tlu' result- 
ing samples. It is probable that the environmental diffei’etKics 
will disappear and that the seed from all the plots will be idmitical. 

The chief result contained in the report relates to tlie lieluiviour 
of the strong wheats at the various centres and it is chmr tliat no 
matter how unfavourable the conditions were under wliich the 
wheats were grown quality has not been lost. The results coidirin 
those of Humphries and Biffen in England.^ These investigaioi’s 
grew two wheats, differing in strength, on seven types of soil and 
found that while the soil had a considerable influence on I In; str<.mgtli 
yet on all soils the stronger variety, Red Lammas, gav(^ llu' bc'ttei' 
result. The results also .confirm the English experience' with Ihle 
and its hybrids which yield strong flour. Fife wheat has retained 
its strength and liigh qualities even in England wliere the gi'eat 
majority of the wheats now grown are exceedingly weak'. 

In considering the results obtained with, those strong wheats 
at the various stations in the plains the behaviour of IVliiza.ffarnagar 
at Pusa and Cawnpore must be borne in mind. At these C(‘.,ntr(]!S 
during the past few years a considerable amount of attention has 
been paid to the manner of growing wheat and to th(‘. conditiojis 


1 Humphries & Biffen, I, a. 
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under which optimum results, both as regards yield and quality, 
can be obtained. Under these conditions Muzaharnagar has im- 
proved in quality. In the case of the strong wheats the best 
results were also obtained at Cawnpore and Pusa after which those 
at Aligarh follow in order of merit. At Bankipore the wheats were 
grown after rice the same year with a hurried preparation for the 
wheat crop. As will be evident from the results described in the 
next section of this paper such a preparation for wheat was the 
worst that could be devised. In spite of this, however, the strong 
wheats did not lose their qualities. At Lyallpur the preparation 
was distinctly inferior to that at Cawnpore and in addition the crop 
was watered four times. On the alluvium this kind of preparation 
and treatment of the crop is very detrimental and optimum results 
are not possible in this way. Even at this centre the milling and 
baking qualities asserted themselves and the strong wheats did 
best. Had the preparation at Bankipore and Lyallpur been equal 
to that at the other stations it is certain that the samples would 
have given still better results. To sum iq> the report, Pusa 12 
proved the strongest wheat and did best at all stations producing 
good loaves even under adverse conditions. This wheat, in addition 
to its good quality is also a heavy yielder which is interesting in 
view of the statements often made that yield and quality in the 
same wheat cannot be combined. As regards stations, the best 
results were obtained at Cawnpore under canal irrigation, thus dis- 
posing of the idea that strength and high milling qualities are only 
possible under barani conditions at stations like Pusa.^ The Cawn- 
pore results are of particular importance in this matter as they 
prove that very fine samples of wheat of high quality and appear- 
ance can be grown under canal irrigation provided the cultivation 
is suitable and the amount of water is regulated. Similar samples 
were produced in 1910 and again in the present year, 1912. 


The results obtained in 1911 with the Pusa samples were slightly inferior to those at 
Cawnpore. At the former station the climatic conditions in 1911 were relatively unfavourable. 
The soil moisture was deficient and rain, wind and fog, followed by hot winds just before harvest, 
did considerable damage to the crop. 
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At Raipur, the black soil station, the only strong wiioat: lusted 
was P lisa 4. This was grown as a dry crop and also irrigjited. Idie 
appearance of the Raipur samples was exceedingly fine aJid etjiuil 
to any of the wheats that have ever been grown at ].hisa. TIk'- 
grains were large with an absolute weight of over 45 grammes and 
in the milling and baking tests Mr. Humphries said : ‘ In hue 
and general appearance of crust and crumb the Raipur lots arc 
of the very highest class, but on the one point of strengtli they are 
really good without being extraordinarily judged by the standard, 
of typical London flour.” This is a most important rcisult iii a, 
tract which produces so much weak soft wheat and it indicatus 
that on the black cotton soils of the Peninsula wheats of eonsidcra" 
bly higher tpiality than those now cultivated can be grown to 
perfection. In the black soil tracts of the Central Pi'oviiiees 1 he 
yield of wheat is always low, anything over twelve biisliels to f.lie 
acre being very exceptional. The intractable na,ture of the soil 
and the difficulty in keeping the soil moisture near (‘iiougli fo 
the surface of the ground to promote tillering are adv(U‘se l‘a(*tors 
to any great increase in the yield. As is well-known the child' 
factor determining the yield of wheat is the amount of tilleihig. 
If the soil conditions are such that very little tillering can iakii 
place it is impossible to get heavy yields. Further, the short. ness 
of the season is another factor operating in the same diri'ction. 
To obtain even the present yields as much as 100 lbs. of s(‘ed to the 
acre has to be sown, so that the net increase per acr(‘ is not. great 
and rarely exceeds 600 lbs. to the acre. In these tracts the plant 
breeder will find great difficulties in his path if yields like those easily 
possible in the plains are desired. With quality, however, the matter 
is quite difi’erent, and it is in this direction that the greatest chance 
of improvement lies. That this is a likely avenue of progress is 
proved by the Raipur results with Pusa 4 in 1911 which in addit.ion 
to good quality also gave a very satisfactory yield. In 1912 still 
better results as regards yield with other high quality Pusa wheats 
were obtained at Raipur and Tharsa, the results of the milling and 
baking tests of which will be dealt with in a later paper*. 
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From tlie breeding point of view the fact that strength can be 
maintained, both under canal irrigation in the alluvium and also 
on the black cotton soils of the Peninsula, is of the greatest im- 
portance. It opens up a valuable direction of improvement which 
offers unlimited scope after the maximum possible yield has been 
realised. Canada at the present time has reached a high position 
in the Home markets on account of the high quality of the spring 
wheats produced in Manitoba, Indian wheats, on the other hand, 
although drier and often better grown, nevertheless fetch a lower 
price solely because of the relatively poor quality of the flour they 
yield. Once high quality is introduced into Indian w^heats they 
will be at least as valuable as any produced in the world. They 
are already very dry and give a high percentage of flour and with 
quality added would at least be equal to the best Canadian grades. 

The importance of the behaviour of a wheat in milling, apart 
from the quality of the resulting flour, is very great. Millers prefer 
wheats which absorb a large amount of water in the conditioning 
process without losing the character of free milling or, in other 
words, the capacity of allowing an easy separation of bran and flour. 
Many of the present soft white wheats exported do not absorb a 
great amount of water and do not mill well so that in improving 
the wheats of India the purely milling aspect must be considered. 
It will be seen in the tests that in addition to strength the high 
milling qualities of the Pusa wheats were also maintained when 
grown at other stations. In the improvement of the wheats of 
any tract the milling aspect of the subject should receive careful 
attention. 


IV. YIELD AND QUALITY IN WHEAT. 


In the literature relating to yield and quality in wheat there 
appears to be a considerable confusion of ideas. As this is likely 
to stand in the way of progress an attempt has been made in this 
chapter to define the position in so far as it applies to India. Tlierc^ 
is a general opinion that in some manner yield and (|iialit,y ;u'(' 
antagonistic and that high yielding wheats are always of poor 
quality. On the other hand, if quality is aimed at, then tlie yields 
are necessarily poor. At a recent discussion on the improve m<mt 
of English wheat at the Farmers’ Club in London these erroJKious 
ideas were advocated by PercivaP who maintained that, luuhu' 
English conditions, yield and quality cannot be combined. 

The results of our experiments indicate that there is a definite 
connection between yield and quality. These experiments can 
best be understood and their significance realised if the two asp(H.;ts 
of the whole question are separately considered. In tlie first 
place, the experimental evidence on the possibility of conil)ining 
high yield and high quality in the same wheat must be con- 
sidered, The second point relates to the conditions under which, 
in any particular wheat, the best quality can be obtained. 

The first aspect relates to the combination of yield and quality 
in the same wheat. On this subject there is a considerable volume 
of Indian evidence. At Pusa, several new hybrid wheats witli high 
grain qualities, raised from Muzafiarnagar, have for several years 
given higher yields than either parent. These are Pusa lOU, 101, 
and 106 which were tested by Mr. Humphries in 1910 and found, to 
behave like Manitoban good grade wheats produced in a dry 
season.^ Several other wheats from the same cross, which lia,ve 


^ Jourml of the Farmeris' Club, Vdl'2,^. ^0. 

^ Howard and Howard, Bull. 22, Agricultural Itesearck Institute, Pusa, lUlJ, p. I I. 
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not yet received iiunibers, gave equally good results in 1912. 
In the trials of the strong wheats in 1911, Piisa 12 at most stations 
gave a higher yield than Muzaffarnagar, a result which is almost 
always the case when the two wheats are grown side by side at 
Pusa. In the case of gram {Oicer arietinum, L.) at Pusa, where 
many pure lines have been grown, the line with the highest quality 
is by far the highest yielder. Experience shows that there is no 
inherent antagonism between yield and quality and that both, are 
possible in the same wheat. 

Considerable attention has been paid at Pusa and afterwards 
at Cawnpore to the study of the conditions under which any parti- 
cular wheat gives the best possible sample. As might have been 
expected tlie best samples were produced when the wheats gave 
the highest yield. The best samples were obtained after hot 
weather cultivation and clean fallowing during the monsoon when 
the objects aimed at were the absorption of water and its retention 
in the soil and subsoil combined with the destruction of all weeds. 
In this way yields of over 40 bushels to the acre have been obtained 
a,t Pusa without manure, without rain after sowing and without 
inigation. 

The higher the yield, the finer and more uniform the sample 
has been while the results of the milling and baking tests have 
always been most favourable in years of greatest yield. Thus in 
1910 at Pusa, when the yields were the highest ever reached, the 
samples were particularly well spoken of by Mr. Humphries and 
gave very good results indeed when milled and baked. In 1911, 
the yields, due to very unfavourable weather, were lower, and in 
that year the samples were relatively poorer in appearance and 
the milling and baking results were also to a certain extent adverse- 
ly affected. In the tests of Muzaffarnagar, grown at the various 
stations, a similar result has been obtained. The Cawnpore and 
Pusa samples have always done best in the milling and baking 
tests. At these centres this wheat has uniformly given higher 
yields than at the other stations. There is no doubt therefore that 


94 


UNVIRONMENT AND MILLING QUALITIES. 


in wheat growing the best sample is produced under thos(^ ('ondi- 
tions which gwe the highest yield. This in reality eJears up th<' 
whole matter as will be obvious from the experiments deserdxal 
below. These relate to hot weather cultivation and drainage.— 
two important factors in wheat production in the alluvium,. 

A. Hot weather Cultivation. 

In previous papers^ attention has been drawn to the marked 
effect of hot-weather cultivation in the production of wheat and 
other crops, both Miarif and rabi, in the alluvium of the Indo- 
Gauge tic plain. During the early period of the wheat experiments 
at Pusa, when attention Avas being paid to the best methods of 
growing the crop under Indian conditions, it was decided, to try the 
effect of opening up the stubbles immediately after harvest ami so 
exposing the soil to the hot dry winds which prevail at this period 
of the year. The stubbles were ploughed several times [i.n.d 
thoroughly opened up resulting in the production, of a deep dry 
mulch of fine sod in which no growth of weeds was possil)le. This 
enabled all the early monsoon rains to be absorbed, and tire subse- 
quent procedure consisted in sufficient cultivation to keep doAvn 
weeds and to break up the surfa.ee so as to allow of the per'oolation 
of mo]:e Avater into the subsoil. In this manner sufficient moistur’e 
Avas absorbed for a Avheat crop of over forty bushels to tire acre a,nd 
the fields rapidly became free of weeds. In the lighter lands, the 
AAarter holding capacity of the soil Avas increased by ploughing in 
crops of san {Grotalaria jimcea, L.) raised on the early monsoon, 
shoAvers, but this has not yet been found necessary in the heavier 
lands." 


1 S(30 Xatiu'd, Feb. 171.1), nno ; lUenioiiv of the Dept, of Agr. of India {Botanioeil Scrleti) 

-I, and FiirnBid/elinm). ‘22, 15111 . ' ’ 

2 If green miimu’ing with mu is attempted on heavy wheat lands in Bihar, in ye.ars wlam 

these soils are waterlogged after the green crop i.s ploughed in, the resulting wheat crop is 
< 1 1 ways less than if no manure hail been added. The addition of the green crop seems to ae- 
centuatc anaerobic fermentation in the soil and to reduce the available nitrogen for the wheat 
crop. Fortunately such heavy soils retain water well and are not in need of green manuro for 
this purpose. The fact th.at green manuring these heavy hands for wheat reduces the yield 
seems to indicate that on rice lands in Bihar green manuring with mn would increase the yield 
oonsideiaably. . 
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The effect of hot weather cultivation and moistni’e conserva- 
tion was then tried at Cawnpore and, as at Piisa, the etfect was 
instantaneous. The detailed results are publislied elsewhere, and 
it is sufficient to say that crops of between 25 and 30 mds. to the 
acre of high quality wheat have been produced using half the 
quantity of irrigation water employed by the cultivators in the 
neighbourhood. 

At this point it became desirable to determine the actual crop 
increase resulting from hot weather cultivation. It was unfor- 
tunate that both at Pusa and at Cawnpore all the land had been 
thoroughly cultivated in the hot season for at least two years before 
the experim.ent was started and none of the area had been left in 
its original condition. Under these circumstances it was expected 
that no great diherences would be detected the first year, and that 
it would take some time for the fertility to fall to the ordinary 
level of that exhibited by the cultivators’ fields. 

The experiment at Pusa was commenced after the harvest of 
1910, and a level plot of typical wheat loam of high moisture re- 
taining capacity was selected for the purpose. One half was cul- 
tivated during the hot weather, the remainder being left untouched 
till after the beginning of the monsoon. Across both plots a strip 
of land was manured just before sowing with nitrate of soda at the 
rate of 224 lbs. per acre and the results are shown in. the following 
plan : — 


Ploughed after the beginning 

Ploughed from the hot .season 


of tlie monsoon. 

onwards. 


H2'02 

37 -sa 

tin manured. 

85*72 

37*n‘2 

Manured with nitrate of 
soda at the rate of 224 lbs. 
per acre. 

32*02 

■ 

37*89 

Dnmanured. 


Tjie numboi’s in the tdble are biisliels per acre. 


ENVIEONMENT AND MILLING QUALITIES. 


The figures show that late ploughing caused a fall in tlu'. crop 
of six bushels of wheat to the acre, and that the dressing of 
of soda partially made up for the deficiency on the late ])long'!u'd 
plot but added nothing to the 3 deld of the early ploughed plot. 

The consistency, absolute weight and nitrogen content of tlx' 
samples in this experiment are given in the following table. Tlios(' 
manured with nitrate of soda were darker in tint tliaai the others, 
while those from, the late ploughed plot were comjiaratively pale 
in colour and not so well grown as the rest. 



Consistency. 


Weight of 

Nil rogen 
percenlage. 

Yield p 

er acre. 

Trcntmenti of the 
land. 

Hard. 

Interme- 

diate. 

Soft. 

1 ,000 grains 
in grammes. ; 

Mds. 

1 Bushels. 

Plougheil early. 

S8 

12 

0 

:{2-29 

2-19 

27*02 

ST’SO 

Do. + 2 ewti. of 
nitral'O of soda 
per acre. 

S3 

12 

0 

:n*is 

2T.7 

27*3fi 

97*32 

rionghed late. 

71 

29 

0 

:io*9i 

2*2S 

2:i*3G 

:12'02 

Do. -1- 2 owt. of 
nitrate of sod.T, 
per acre. 

SI 

19 

" 

."U-lI 

2 US 

20* 03 

:if.*72 


The standai'd niauad consists oE 10 seers and is equivalent; to 82‘27lbs, 


In the following year, 1911-12, the experiment was repeated on 
the same plot, but in this case no nitrate of soda, was applied. 
There was a distinct difference in vegetative vigour between tli(‘ 
plots and this is reflected in the yield of grain as will be seen in the 
results obtained. 

1. Early ploughing— 35-I1 bushels to the acre. 

2. Late ploughing— 22*90 bushels to tlie acre. 




The difference in yield during the past year was twelve and-a- 
half bushels per acre, or about twice that obtained the first year of 
the experiment. The results indicate that the effect of hot weather 
cultivation is cumulative and that the effects are not lost for some 
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time. The experiment is being continued until the yield of the 
late ploughed plot becomes steady, after which it is proposed to 
reverse the treatment of the two plots. 

As regards quality, the appearance of the wheat from the late 
ploughed plot was distinctly inferior to the other. It was paler in 
colour and not so well grown as that from the early ploughed plot. 
In this case, while the plot with the higher yield gave the better 
quality, the fall in yield was greater than the difference in quality. 
This agrees with our experience at Pusa in wheat growing that in 
the case of the same wheat any adverse condition always affects 
yield much more than quality. When quality is sensibly lost it is 
almost certain that the yield is poor.^ 

B- Drainage. 

Dming the progress of the wheat investigations in India one 
important factor in the growth of this crop has frequently been 
observed. This is waterlogging both previous to and during the 
growth of the crop. If wheat lands in Bihar are inundated for any 
length of time during the monsoon, or, if portions of the fields are 
contir uously waterlogged for long periods, then a sour or semi- 
marshy condition of the soil results which is shown by a yellow 
crop of poor vegetative vigour and low yield. Often the consis- 
tency of the resulting sample on such areas is affected and a large 
proportion, of mottled and soft grains are produced, which spoil 
the appearance of the sample and lower its market value. Similar 
results are to be seen in canal irrigated tracts in lowlying areas of 
the fields which get too much water and in which the soil becomes 
semi-waterlogged for long periods. These effects were distinctly 


Un connection with these experiments the behaviour of the continuous wheat plot at 
Pusa may be of interest. This is a strip of typical wheat land which, for the past five years, has 
been cropped every year with wheat without manure. In 1911-12, the fifth year of the ex- 
periment, the yield per acre was 36’25 bushels, which is the highest yield of the variety (Pusa 22) 
so far obtained at Pusa. No diminution in vegetative vigour was observed. On the contrary, 
the growth was so great that a large portion of the crop was laid by wind soon after coming 
into ear which circumstance diminished the yield of grain. It will be interesting to see for 
how much longer these yields can be obtained and whether any organic matter besides the 
stiibble need be added to the soil. 
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ENYIRONMNT AND MILLING QUALITIES. 


visible in the wheat plots at Bankipore and Duinraoii in 1.01 J wIumcs 
wheat followed rice. The samj)les also (‘-ontaincd n In’fth p('r(:(M!- 
tage of soft and spotted grains. ’Drainage is tlu'nO'oiv an im})or- 
tant matter in wheat growing in India both as regards yi('ld juul 
quality even in areas where the crop is grown witliout any appre- 
ciable rainfall during the growth period. The loiig periods of 
rainless weather in India are apt to distract attention from tlu‘, 
necessity of drainage. In reality, however, in a country where 
most of the rainfall is compressed into three months, the necessity 
of perfect drainage is even greater than in localities wliert'- the 
total precipitation is more evenly distributed through tlu' y{‘ar. 

At Pusa, during the wheat growing season, 1909-10, which 
was preceded by a heavy monsoon, alternate strips of wheat and 
gram {Gicer arietiniim, L.) were sown on a plot of lieav;y wiicat 
land which was imperfectly drained during the monsoon. It was 
observed that while the gram was exceedingly good the wdieat; was 
poor and stunted with yellowdsh foliage and exceedingly smaJl 
ears. The total crop was only a small fraction of tliat obtained on 
the rest of the field where the surface drainage was sutficie.nt. 
The markedly different behaviour of a cereal and a legume growing 
under the same conditions in the presence of sufficient soil moisture 
suggested that the explanation of the difference would be found 
in the nitrogen supply in the soil. Accordingly the matter wa,s 
made the subject of an experiment in the following year, 1910-1] . 

The monsoon of 1910, although well distributed, was small 
in amount and no waterlogging took place as the sho\vers 
were absorbed and practically no water drained off tJie surface. 
In consequence, the land had to be artificially waterlogged and this 
was done during the month of September by pumping water froju 
the river on to the area under experiment. The land selected for 
the experiment was well ploughed in the hot-weather of 1910 and 
fallowed till the end of August when the central portion was em- 
banked and artificially kept wet during the whole of September. 
After drying sufficiently, the waterlogged portion was ]iarrow<id 
and ploughed up and managed in the ordinary way till sowing 
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tune. Across the middle of the plots a strip was manured rvith 
mtrate of soda just before sowing, the total amount added being 
tour owt. to the acre. At first, the waterlogged area did best due 
to the abundant moisture but after tillering it rapidly fell behind 
the areas on either side. The nitrated strip in the waterlogged area 
soon became well marked but was hardly distinguished on the 
weathered plots on either side. The yields obtained are given in 
tile following plan ; — ■ 

The result., of waterlogging wheat land at Pusa in 1910 . 


Waterlog'ged daring September. Normal cultivation. 



The muubers in the plan are bushels per acre. 

It will be seen that tlie effect of waterlogging for a inontli was 
to reduce the yield by about sixteen busliels to the acre while the 
nitrate of soda on this area increased the yield by nearly ten 
bushels. The eff'ect of the manure on the non-waterlogged plots, 
as was expected, was very little. The results prove that the effect 
of waterlogging wheat lands in the previous monsoon is to interfere 
with the nitrogen supply of the crop and to lower the yield. 

ihis result is of some general interest in Indian agriculture 
and particularly in those tracts* of the plains like Bihar where rice 
and wheat are both grown. The lowlyiiig areas in these tracts, 
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wliicli receive drainage water from tlie liiglier hiuds, ai’c ge.in' ratty 
planted in rice and these lands are often iiumdated and a.!\va,\'a 
waterlogged for long periods during the growtJi oi tin' ih'i,' crcsp. 
The rice plant however thrives under these conditions and is a bio 
to take up its supply of nitrogen under waterlogged cojuiil ions, 
most likely in forms such as ammonia which are not suitable for 
other crops. In wet years like 1909 in Bihar the waterlogged and 
marshy conditions, associated with rice culture, may be said to have 
spread beyond and above the paddy fields and to have afiected tlie 
wheat lands. This naturally influenced the soil pi’oct^sses and 
consequently the supply of available nitrogen for tin*, wlu'al crop. 
Griam, however, being able to supply itself with nitrogimous loud- 
material, was not affected and could thrive wliei’c a cei'eal lik'(‘ 
wdieat to all intents and purposes starved. 

From the economic standpoint the results of tliis experiment 
point to the great importance of drainage in the alluvial soils of 
India and the need of the limitation as it were of rice eonditions to 
the areas which produce this crop. Where canals are used :for 
watering the wheat crop it is also essential tliat the fields sliould 
be level so that all parts are equally watered. Wliere low amas 
exist, the surplus irrigation water di’ains into and wateilogs tliese 
areas and the result is a small crop of poor quality. On the black' 
cotton soils of the Central Provinces it is often observed that the 
lowlying ureas of the wheat fields often yield a larger proportion of 
spotted and soft grains than those parts which lie Iiigher or a;i‘e 
better drained. This partial waterlogging, which, is more frequent 
in the black cotton soils than in the alluvium, is probably one of 
the chief causes of the unevenness in the consistency of the wlieat 
often grown in Central India. The greater nneveniiess of tlie 
fields in Peninsular India probably follows from the fact tliat 
the levelling beam {sohaga) does not seem to be in general use 
in these regions. It is most important from the point of view 
of the miller that samples should be 'uniform in consistency other- 
wise a lower price is obtained for the wheat. The cultivator 
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in growing wheat of mixed consistency loses twice over. In the 
first place the yield is reduced and in the second place the rjiiality 
is ahected. 

These experiments clearly indicate two of the main factors 
in the plains on which optimum yield and quality in wheat depend. ‘ 
If cultivation is inadequate the yield falls and the quality is also 
affected. Want of drainage lowers the yield, afiects the consis- 
tency and also lowers the quality. As regards wheat production 
it may be said that the best quality is obtained when the optimum 
yield is produced and that in any particular wheat, the ryot who 
produces the greatest yield has also secured the best quality possible 
in that wheat. If under these circumstances he grows a wheat 
in which high yielding power and high quality are combined he 
is then getting the greatest financial return for his labour. 


1 Another important factor in nheat growini^ in tho alluvium, la addition to hot-weather 
(jultivation and dramage, may be mentioned. This is the treatment of the subsoil after it has 
been compacted by the monsoon rainfall. Experiments eondueted at Pusa on the last three 
wheat crops, 1909-10 to 1911-12, have clearly indicated the advantage of a deep-ploughing 
towards tho end of the monsoon. This aerates the subsoil, increases tho root-range of the wheat 
plant and results in a considerable improvement in the standing-power of the crop as well as a 
better filled and more attractive sample. In the crop t)f 191 1-12 the residts of late deep-plough- 
ing were particularly well marked. This cultivation must however be carried out without an 
undue loss of moisture — a matter of some difficulty in certain years with soil-inverting iron 
ploiiglis. (hi large estates it is possible that the best results will be obtained by the use of soino 
form of sub-soil plough. 


V. SUMMARY OF CONCLUSIONS. 

The conclu..ion« an-ived at a reault of the iiwcBtigatiou.s 
described in tliis paper may be summed up as follows : ^ 

1. Usually in India the consistency of a wheat ■' 

according to the conditions under which it is grown, coiuc ' “ 

cent wheats however are affected to a iniich less extent t un o 
while a few soft wheats have always remained soft. 

2. Weak wheats like Miizafiarnagar can be improved to some 
e.xtent in milling and baking qualities by cultivation, but tiicy la ve 
not been made to behave hke strong wheats. 

3. Strong wheats with good milling qualities have been found 
to retain strength and milling qualities both under canal irngatim. 
on the alluvimn and also on the black soils of Icnnisuai . lu i.i. 
In the future improvement of the wheats of these tracts tlui ijm'si,um 
of grain quality should receive particular attention. 

4 Adverse factors, such as waterlogging and late cullivaimn, 
affect both the yield and quality of wheat in the plains ol; In.Ua, 
In any particular whead, the conditions whicli produce l it 
yield are those which also produce the best sample. In the .sam.i 
wheat high yield and high quality can be combined. To oblaiii 
the greatest financial return for his labour the cultivator should 
grow to perfection a wheat which combines liigh yielding power 
with high ciuality. 
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THE VARIETIES OF SOY BEANS FOUND IN 
BENGAL, BIHAR AND ORISSA, AND THEIR 
COMMERCIAL POSSIBILITIES/^^ ' 

I!Y 


E, J. A^OODHOUSE, m.a., f.l.s., 

Eeonomic Botanist to the Government of Bihar and Orissa ; 


AND 

0. ISOMERS TAA:L0R, 15. a., 

Agricultural Chemist to the Government of Bihar ami Orissa. 

1.— INTRODUOTORA". 

In 190!) the survey work on the crops of Bengal was com- 
menced, and in July of that year a number of trial plots of the 
chief pulse crops of the Province were sown for identification 
and field study. Among these were three samples of Bhetmas, 
of which one sample of black seeded Bhetmas, received from the 
Settlement Officer, Bhagalpur, was found to be pure for seed 
characters and was sown as P. R. 135 ; the other sample which 
had been collected locally was found to contain chocolate and 
yellow seeds, and the two types were sown separately as P. R. 
94 and P. R. 95. All the plots did well and were identified as 
varieties of the Soy Bean, but in October it became apparent 
that the black seeded type differed from the other two in having 


* This paper w.as prep.ire(l for tlie I^rcss in March 1912, but owing to the nbsence of one 
of the authors in England and to other causes its publication has been delayed. 
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darker bulkte loaves and a more i.roslrale hal.il. Ai, iKiTVes! 
time a limited number ol'siimde l>la.iits were seleel. d v ,th a vmv 
to further Botanical study. In tlie spring of lln- lolloiving- year 
the interest taken in the Soy Bean crop elscwhei'e eiieonrag.d ns 
to examine the chemical composition of these tlirim types, and it 
was found that there was a marked ditterence m the proton 
content of the types, the variation in the nitrogen eontent ol 
the samples of each type being less than the differences hotwecn 
the means of the types. 

In 1910, the .«eed of the single plants wlii cl i had been 
analysed was sown together with some samples obimned by 
Mr. A. G. Ghosh from the Kurseong bazar and some nioro 
samples of the types already obtained from the plains. The 
seed of the original plots was also resown for hirtlier study. 
Acclimatised seed of two American varieties, Barchet and 
Kiceland, were obtained from Saliaran|)ur and sown hn* com 
parison with the local varieties. As a result of^ tbe year’s woih 
a distinctly earlier black seeded form was obtained froin ;i plot 
(E 256 of 1910) grown from seed colleeted at tlio Bankipur 
Exhibition. The trial plots of the seed from Knrsoong laiitHl, 
More attention was paid to the chemical selection work and t .')0 
single plants of each of the three types grown m I he previous 
year were analysed for nitiaigen and oil. Thesfsidol .sicli snigie 
plant deri\md from the seed otThe original single plants s.‘i(M‘h‘d in 

the previous year was again analysed. These aiifdyss.s (R)niirmtHl 
our conclusions of the previous year and sliowed us 1 hat tlie 
percentage oil content was also an inherited character. 

In 1911, the seed of a number of the single plants analyse<l 
in the previous year was sown, and the s(^e<l <h all the plaids 
of each of the original .selections was hullod and Ihni 
derived from each of the original selected pia.nts was a,g;un sown 
separately. These plots have again been analysed and eonliriu 
our original conclusions. In addition, the su<a.R‘ss ol (In' plots 
of the acclimatized American varieties iiiducfal ns lo ('xcdiango 
seeds of the Bengal types with M.r. Piiier, of the Unilod Hi ales 
Plant Industry Bureau, who kindly supjilied ns wiih .seed of the 
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raneties, BiU'chet. Duggar, Haberlaudt, Hollybroolc, MaiiiiuoUi, 
^ekm, l-’mgsbu. Anofchei- attempt was made to cultivate at 
labour tlie varieties grown in the Sikkim Himalayas, and plots 
o the Nepali, Baniieli, black seed, greenish yellow seed and 
choculate seed vaiiefcies were obtained from Mr. Goodwin, 
Superintendent of the Kalimpong Homes Farm, and grown 
sueeessfully at Sabour. xlrrangements were also made with the 
Deputy Director of Agriculture for testing the yield of the 
Bengal types on the Department’s farms. As a result of the 
woidc of these three years we have come to the conclusions, 
whieh are detailed in the following sections. 

As regards tlie method of cultivation adopted, the land 
IS levelled and prepared for sowing during the hot weather, and 
tlie seed sown as soon as convenient after the break of the 
monsoon. When the land is ready the drills are prepared four 
feet apart by means of the Planet Junior Hoe with plough 
share attachment. The seed is then sown by hand and the 
drills covered in with rakes. After cultivation consists in occa- 
sional hoeings with a Planet Junior Hoe (with plough share 
attachment), whieh slightly ridges up the plants and prevents 
water-logging. The plants are eventually thinned out to one 
foot apart in the rows. The rows have always been eighty-.six- 
.yards long, and some four or five plots are usimlly sown in 
eaeli row. 

Ibis work was carried out in the official years 1909-10 to 
1911-12, previous to the repartition of Bengal in April 1912. 

2.-NOMENOLATURE. 

It is not the intention of this paper to discuss in detail the 
nomenclature of the Soy Bean, as that would not be possible 
witlioiit an exhaustive examination of the type specimens in 
European collections of Herbarium material. It will be sufficient 
to refer to some points of interest in the more important pub- 
lished descriptions of Indian Soy Beans which are available here. 
DeCandolle (1) describes Soya hu2nda Moench as an erect hispid 
hei’b, Roxburgh’s (2) description ot' Dolichos soja Willd is taken 
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froHi plmits grown at Calcutta from seed imj)()r(<‘(i Iroiu (iu' 
Moluccas, a-ml these plants were of the twining iiairy lyp''- 
Wright and Walker Arnott (3) give the cliaraidei's oi liie gsmus 
Soja Moench as annual, erect, Hesupse, very hairy, an«l Ihey 
mention only one species S. his'pida Moench. fn Jhirdiiani s ( 1 } 
account of the cultivated Glycine Sojci (Sieb, and Zucc. ) tlie phml 
is described as villous. From Hooker’s (5) descri])tion oi (.llycnw. 
So'/a (Sieb. and Zucc.), it would appear that he had examined only 
the stout suberect type with membraneous leavi's, rc]>resentod in 
the Sikkiin Himalayas by the Nepali variety. Dulhioand bhilh'r 
(6) give an account of the cultivated plant uiidm' Hh' name' idy- 
cine In'sjyida Moench, and describe it as an annual, c()V<;r(‘d with 
ferruginous hairs, with stems stout, suberect, and climbing'. Tindr 
plate represents one of the hairy twining forms limnd in tin* 
plains of India. Church (7) describes GlyvAne aoja (Sieb. and 
Zucc.) as a small suberect, trifoliate, hairy, annual and gives a 
plate which probably represent, s one of the twining hairy iorm.s 
commonly found in the plains. Prain (8) mentions Gfycinc 
hispida Maxim as a suberect annual cultivated occasionally in 
Western Bengal, and in another place (8a) states tfiat a speci- 
men of Glycine collected on the banks of the (jSanges at Sfilieb 
ganj has long trailing stems, and “but for their hispidity might 
pass as representing the wild G. ussuriensi.s.” 

Piper and Morse (9) come to the conclusion that the culti- 
vated Soy Bean is Glycine hispida (Moench) Maximowiez, and 
that its nearest relative i.s Glycine soja Siebold and Zuccarini {G. 
ussuviensis Regel and Maack). They distinguish tliesi! txs'o 
species by saying that G. soja has more slender and more vining 
stems, is less hairy, bears smaller pods and seed.s and has smaller 
flowers, the calyx lobes being shorter in proportion fo the (nhe 
than in G. hispida. They conclude that tlic best cril ical cliaractcr 
is the length ot the flower, which is 8 to 5 mm. in ^/. soja and 
6 to 7 mm. in G. hispida, but that if this charactuv is used G. soja 
is also a cultivated species. They consider that there is no goial 
reason why G. hispida not have been derived from G. soja 
by cultivation, the smaller flowers of the latter being the primtipal 
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difficulty. In this connection it may be noted that no differences 
in the lengths of the flowers of the many cultivated varieties 
have yet been observed at Sabour. In view of this fact and the 
very numerous and marked differences there are in habit, hairiness 
and seed characters, which wall be discussed in section S of this 
paper, it would seem advisable to accept the final conclusion 
come to by Messrs. Piper and Morse that “ on the whole, we 
are therefore inclined to believe that there is but one botanical 
species, which has been profoundly modified by cultivation.’^ 

3, -VARIETAL CHARACTERS OE SOY BEANS. 

Za. — Habit. 

In germination the fleshy oblong cotyledons are carried up 
above ground by the stout hypocotyl, which isusnally of a purple 
colour. The plumule and upniost portion of the hypocotyl is 
hairy. The American varieties Mammoth and Hollybrook can 
be distinguished by their stouter cotyledons and hypocotyl, The 
first pair of true leaves are simple and cordate-cuneate in shape, 
the subsequent leaves being alternate and trifoliate In all 
the varieties introduced into cultivation at Sabour and on the 
other farms ni Bengal, nodules were found to be present on the 
roots. 

The work on Soy Beans has not progressed sufficiently far to 
enable us to be certain of the factors which produce the many 
differences of habit, but it would appear that there may be two 
principal pairs of characters, upright and reclining stems and 
branches, short and long internodes. As regards the first pair of 
characters, two of the varieties grown in the Sikkim Himalayas, 
Barmeli (type 5)'^' and Nepali (type 6) and all of the American 
varieties have upright stems, while the four types (I — IV) 
usually found iu the plains of India have reclining branches, 
l)iit of these the chocolate and yellow seeded types {III, lY) 
have the lower part of the main stem slightly more upright than 


* Type ■) rci'i'rn ti» tin; ilt!>-crtpl.ive list: ril' I he types nf Soy Beans enltivalcal iu Bengal 
{ride Section I), 
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in the case of the black types (I, 11). In the case of llui s.a.ai.l 
pair ot characters, the Barmeli and Nepali varietie.s an<l (lie 
Amencan varieties Barchet, Hollybrook, Maminoth and Itic'land 
combine short internodes (usually less than I inch) with (he 
upi ij^it habit, although most ol the American varieties arc not 
pure for these characters. The Bengal types I-.-.-1V comhimi 
greater length of their upper internodes with the reclining lialdl. 

^ n the ease of some of the American varieties (and rogues found 
m most of them) and also in the greeny yellow seeded variety 
^ Kalimpong, the upright habit is coinhiin'd 

with long twining branches. In the rogiie.s commonly fomni in 
16 Barmeli variety the reclining habit i.s coinbinod wil.h .slim l 
ino e.s. 1 hat there are other eharaeters which deteniiiiio 
16 number aud length of the braiiche.s relative to the main stem 
can be assumed from a study of plate IV of Piper and Morse’s 
etm (9). A continuation of the study of the branching of the 
itteient types will undoubtedly bring to light additionareharac- 
ers. he importance of those meiitioiiecl above depends on the 
act that the short stemmed plants mature earlier. Tlie uii- 

emeu y. I he long much branched twining forms produce 
a larger luimber of pods per plant, and may be especially suitable 

not inTf"^ maize, when they will yield well and will also 
teifei e with the weeding of the crop. These long branched 
oriUH are also more suitable for fodder purposes. 

3b. —F oliage. 

^ The chief dillereiiees found in the foliage are in tlie shape 

leaver Th pei'sisteiiee of the trifoliate 

loaves Ihe shape of the apical leaflets may usually be describe,! 
as ovate lanceolate. In the Bengal types (I-VI) tlie sinpe is 
^pro.mate^the same iii all oa.se.sfriouV thel.t: it:: 

types III IV are olte, I narrower than the earlier leaves I„ 

(trrnr A r (typ« m A) ami chocolate soe,le,i 

Si ts have \ '"‘■'"“r narrow loav,.,l 

plants have been selected. In the American varieties narrow 
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leaved plants are very common and one plant {B 4t)8 of II) 
selected in 19 10 bred true to this character in the year 1911. 
In size the leaves of the Barmeli and the Nepali varieties are 
larger than the other Bengal types. The colour of the leaves 
of the black seeded types (I, II) is slightly darker than that of 
the chocolate and yellow types (III, IV). The distinctive 
colour of the Nepali and American varieties is due to absence of 
pubescence. The black seeded types (I, II) have bullate leaves, 
which have hitherto distinguished them from other types, but 
in a natural cross (E 426 of II), this character has been found in 
other combinations. The upright types have upright petioles 
from which the leaflets are deciduous. 

3c. PUBESC BNOE. 

The dilferences in the hairiness of Soy Bean varieties may 
be classed under two heads, the colour and the quantity of the 
pubescence. As regards its colour Piper and Morse (9) have 
shown that tawny pubescence is a Mendelian dominant to white 
pubescence. With the exception of Barmeli (type V), in which 
the hairs become whitish as the plant ripens, all the Bengal types 
have tawny pubescence. Differences in the quantity of the pubes- 
cence do not appear to have been noticed in America, but in 
the Bengal types I — V the leaves differ from the American varie- 
ties and Nepali (type VI) in being covered with soft upright 
hairs on their upper surfaces, whereas the upper surfaces of the 
leaves of the latter types are covered with closely adpressed hairs. 
The American varieties and Nepali can be distinguished at a dis- 
tance from the fully pubescent types by the darker green colour 
of their leaves. 

od. — Flower. 

1. Morphology . — -The flowers are produced on short axillary 
or terminal racemes which in Barmeli are sometimes longer 
than in the other types. 

The (lowers of all the varieties grown at Sabour measured 
from 6 to 7 mm. The flower colour of the Bengal types I — V was 
purple, though the Barmeli type is slightly redder', Idle Nepali 


108 


SOY BEANS IN BENGAL, BlHAR AND OlilSSA. 


in the case of the black types (I, II). In the ease of Uk; 
pair of characters, the Barmeli and Nepali varieti(is aiui the, 
American varieties Barchet, Hollybrook, Mammoth and jlicfOaiid 
combine short internodes (usually less than I inch) wiiii i la- 
upright habit, although most of the American varieties arei nui 
pure for these characters. The Bengal types I — IV ct)m)dnc 
greater length of their upper internodes with the reclining haSu(. 
In the ease of some of the American varieties (and rogues tbund 
in most of them) and also in the greeny yellow seeded variety 
(type III A) from Kalimpong, the upright habit is combined 
with long twining branches. In the rogues commonly round in 
the Barmeli variety the reclining habit is combined with short 
internodes. That there are other characters which dutermim' 
the number and length of the branches relative to the main sitmi 
can be assumed from a study of plate IV of Piper and Morse’s 
bulletin (9). A continuation of the study of the branching of the 
different types will undoubtedly bring to light additional charam 
ters. The importance of those mentioned above depends on tJu3 
fact that the short stemmed plants mature earlier. The up- 
right habit enables the plots of this type to bo weeded more 
conveniently. The long much branched twining forms products 
a larger number of pods per plant, and ina}^ be es|.>ecially suitable 
for growing with maize, when they will yield well and will also 
not interfere with the weeding of the crop. These long branched 
forms are also more suitable for fodder purposes. 

3A-— Foliage. 

The chief differences found in the foliage are in the shape, 
size, colour, surface and degree of persistence of the trifoliate 
leaves. The shape of the apical leaflets may usually be described 
as ovate lanceolate. In the Bengal types (I — VI) the shapt; is 
approximately the same in all cases, though the later leaves of 
types III, IV are often narrower than the earlier leaves. In 
the ease of the impure yellow (type III A) and chocolate seeded 
(type IV A) varieties from Kalimpong some narrow leaved 
plants have been selected. In the American varieties narrew 
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leaved plants are very common and one plant (B 468 of II) 
selected in 1910 bred true to this character in the year 1911. 
In size the leaves of the Barmeli and the Nepali varieties are 
larger than the other Bengal types. The colour ol the leaves 
of the black seeded types (I, II) is slightly darker than that of 
the chocolate and yellow types (III, IV). The distinctive 
colour of the N epali and American varieties is due to absence of 
pubescence. The black seeded types (I, II) have bullate leaves, 
which have hitherto distinguished them from other types, but 
in a natural cross (E 426 of II), this character has been found in 
other combinations. The upright tj^pes have upright petioles 
from which the leaflets are deciduous. 

:3c. — PUBESCBNOB, 

The ditferences in the hairiness of Soy Bean varieties may 
be classed under two heads, the colour and the quantity of the 
pubescence. As regards its colour Piper and Morse (9) have 
shown that tawny pubescence is a Mendelian dominant to white 
pubescence. With the exception of Barmeli (type V), in which 
the hairs become whitish as the plant ripens, all the Bengal types 
have tawny pubescence. Ditferences in the quantity of the pubes- 
cence do not appear to have been noticed in America, but in 
the Bengal types I — V the leaves differ from the American varie- 
ties and Nepali (type VI) in being covered with soft upright 
hairs on their upper surfaces, whereas the upper surfaces of the 
leaves of the latter types are covered with closely adpressed hairs. 
The American varieties and Nepali can be di.stinguished at a dis- 
tance from the fully pubescent types by the darker green colour 
of their leaves. 

;3d. — Blower. 

1. Morphology . — The flowers are produced on short axillary 
or terminal racemes which in Barmeli are sometimes longer 
than in the other types. 

The flowers of all the varieties grown at Sabour measured 
from 6 to 7 mm. The flower colour of the Bengal types I — V was 
purple, though the Barmeli type is slightly reddei’. Tlio Ne})ali 
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type has white howers and this colour is eomiiion ainony s lo' 
American varieties, which are frequently ini|)U!‘«; for Ku;’ 
character, In young buds, of which the corolla Is jusi- showing 
colour, the pistil projects considerably be^mud the staniojis as ihcy 
just begin to dehisce ; but the stamens gradually olongalc and in 
the flowers the stamens will be found to be very nearly as loisgas 
the pistil, and the stamens and pistil will be found to be completely 
covered with yellow pollen grains. Iii some cases the poii«'n is 
pushed out of the end of the keel by the elongation of the 
stamens. The standard forms a roof which lies close over the 
top of the keel 

2. Pollincition, — Piper and Morse found the Soy Ih'Jiii 
flower completely self-fertile, bagged plants settling |)ot{s a,s 
perfectly as those in the open ; they also found that ihv- ilowcr.s 
are much visited by bees for the purpo.se of eating tlni jiollon, 
but cross-pollination is prevented by the abundauce <d’ tho 
pollen which covers the stigma almost as soon as the flowers 
open, The observations made at Sabour in 1 flIO sbowetl that 
the seed would set perfectly well under bag, tjot tin 5 results of 
bagging were not so satisfactory in 1911, probably duo to iho 
heavier rainfall. BVom the above de.scription of the flower it 
also appears that the stamens open early and their ohm-aKon 
brings large quantities of pollen in contact with tln^ stigma : it 
is therefore probable that the seeds are normally st lf-haiilized 
unless visited by insects before the pollen has come into oontafi 
with the stigma. 

Observations were made by Mr. H. ;L. Dutt on the insects 
visiting the flowers, and it was found that the nurnbor of insiu-.ts 
visiting the flowers was largest between 10 and 12 a.m. .Aimne.- 
bees the following species were noticed : Apis dorsata, h\ ; Apis 
iiidica, F. ; and Nomia eognata, Bing. Of those, A]ns dorsal a 
was not common. It clung to the keel with its first two pairs of 
legs, witli its abdomen hanging down below the kfufl, wliih- il 
inserted its head between the standard and keel. A])is indica 
was more commonly found than the above species. Mania 
eognata was th(3 most common species visiting the llowan's, as 
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many as six insects being found together on one plant in the 
moinings. Lepidoptera were represented by a few specimens of 
Parnara matliias, P. ; Pachyzancla stulfcalis,' Wik, and Zinckenia 
tascialis, Cram. A cbrysomelid beetle and Epilachna dode- 
costigma, Muk, were common on the leaves of the plants. 
Several muscid flies were almost as plentiful as the bees to 
which their behaviour was similar. It is probable that bees and 
flies sometimes cross-fertilize some of the younger flowers. 

3. Extent of Natural Crossing. — Messrs. Piper and Morse’s 
observations at the Arlington Experiment Station have made 
them conclude that even when the test rows are grown contiom- 
oiisly, the percentage of hybrids is perhaps not one individual 
in two hundred. They also find that the hybrid seed can be 
recognised by the presence of peculiar markings on tlie seed. 
Heterozygote plants can be distinguished by the appearance of 
the pods at the top of the branches, which pods are more tumid 
less hairy and of thinner texture. Our observations at Sabour 
lead us to conclude that natural cimsses do not occur on the 
plains of India to sucli an extent as in America. The three 
varieties which have been grown next to next since 1909 were 
found to be pure for* all characters in that year and have since 
retained those characters. In 1910 eleven single plant cultures 
were grown of the three types I, III & IV, but no rogues were 
found among them. In 1911 sixty-four plots derived from 
single plants in 1909 or 1910 were grown in lines next to next 
and of these only one plot was found to be a hybrid. This plot 
(E 426 of II) was grown from the seed of a single plant of 
the yellow variety (type III), which wars selected on account 
of its greener colour and darker hilum. Isolated rogues were 
also found in a few other plots and will be tested in 1912. 
It will probably be found that most of them are chance 
admixtures. A, statement of the rogues found in 1911 is given 
below. In all, 3,587 plants were harvested from unbagged seed 
grown from single plants in 1910. Column 3 gives the number 
of yeai’s dui’ing which each single plant culture has been 
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1 

Field number. 

Description. 

3 

Period of 
Bxpit. 

E414 of 1911 ... 

Type III (yellow) ... 

2nd year 

-120 of „ ... 

Ditto 

l.st „ ... 

■130 of ,, ... 

Type IV, chocolate ... 

2nd „ ... 

432 of „ ... 

Ditto 

I 

2nd ,, ... 

13S of ,, ... 

i Ditto 

! 1st ,, ... 

-126 of ,, ... 

Greeny yellow, hilura 
dark lii own. 

1st „ ... 1 

166 of ,, ... 1 

Bardlet ... 

Ut „ .. 


< '()tn[)()aition of plol. 


150 pliinty, seed yellow, liiliun palo 

brown. 

1 seed yellow, hilunj browner. 

4 „ ,, ,, pale brown. 

1 „ ,, browner. 

151 „ chocolate. 

3 ,, black. 

160 ,, chocolate. 

1 „ greeny yellow. 

1 „ black 

S8 „ chocolate. 

1 ,, yellow. 

7 „ black, 

2 ,, chocolate, hihnu chocolate. 

0 ,, greeny yellow’ clonded I>lac’k 

hiliim black. 

3 ,, greeny yellow c1on(ln<l choco 

bite, hibnn chocol.'tic. 

6 .seed dull olive brow'ii (I>a, relict). 

1 ,, ,, black (lliccliiiid). 


It is interesting to note that the iVinericau varieties and 
those obtained from Darjeeling district were full of impurities, 
whereas all the samples of seed (pure for seed characters) 
collected in the plains have been found to be pure for vogotative 
characters also. It may be that crossing occurs more iVequeMlly 
in the more temperate climate of America and the Darjeeling 
Himalayas. 


dc.—PoDs. 

No marked differences have been noticed in the sha})e or 
size of the pods of the varieties cultivated at Sabour. The 
difiereuces in the colour ot the pubescence have been noted 
above. The colour of the pods differs from the usual yellow 
colour in some eases. The Barmeli type resembles the Amcricjm 
varieties Alainiuoth and Hollybrook in having whiti.sh pods, and 
the Riceland variety diflhrs from Barehet in having da;rker 
brown [)uds. Idle pods appear to shatter less ea.sily in tin- 
twining types (I— IV) than in the upright varietie.s. Ifrom 
one to three pods are usually produced by each inflorcseeiuu', 
though tins munher is often increased to seven in flic ca.sc; of flic 
Barmeli type. The pods never contain more than from one io 
three seeds iii the types examined. 
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The production of pods per plant differs markedly in differ- 
ent types depending on the extent of branching of the plant. 
In the upright types with few short branches, the inaxinmin 
number of pods produced in a well developed plant very seldom 
exceeds five hundred and in good average specimens of the 
Bardlet, Riceland and Barmeli varieties, it is probable about two 
hundred and fifty, yielding about 40 grams of seed. In the 
Nepali type grown at Sabour about fifty pods were produced on 
each plant. The longer and more profusely branched type.s 
(I IV) can produce up to a maximum of one thousand five 
hundred pods, yielding up to 175 grams of seed per plant. The 
yellow and chocolate types (111 & IV) also have given the best 
yields in the Botanical test plots producing about 50 grams of seed 
per plant, while the black types produced only about 30 grams 
per plant. The actual figures obtained in field trials (about 
•35 acre plots) of tlie three types are given in the statement 
l)elow : — 


riot. 

Plants 

Pods run 

’r..\NT. 

W eight 
of .seed 


llEJIARKS. 

counted. 

Extreine.s. 

Mo-in. 

average of 
100 plants. 


Ty]ie4 choco- 
late. 

1,2 

135-1312 

5.57 

32 graiu-s 

13 inds. 16 SI S. 

1 intl. = 82| lbs. = 
40 .srs. 

Type 3 yellow 

12 

71—911 

392 

23-5 „ 

10 ,, 30 „ 


Type 1 black 

12 

5)0-670 

' 200 

13 

3 „ 39 „ 

Geriainatioii poor. 


The figures for the number of pods per plant found in the 
Bengal types may be compared with the average yield of pods 
per plant given by Sliaw (10) from the Tichling district of 

China — 

11)08 ... 35 — 80 pods per plant. 

11)0!) ... 40— 76 „ „ „ 

nno ... 42—105 „ „ „ 


Idle results of our observations on pod [iroduetion would 
appear to indicate that it will be desirable to i-aise typies 
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combining the upright habit with the capabilities of ])ro(hH‘lng t in- 
higher orders of branching possessed by the Bettgal twining 1} p« 
(I__IV). It should be noted that the production of pods in Ihr 
best of the types at present under cultiYation compart ‘s iiutiui 
ably with that of the field peas of which the weight ot stah \m' 
plant has not been found to exceed 150 grains per phmt, and is 
distinctly superior to that of other Indian Kharif pulses (*xcc])t 
Rahar (Cajanus indicus). 

3/. — Seeds (Morpholocy). 

Ill shape the seeds are usually elliptic in outline, tin! iliittk 
ness being less than the breadth ; but the seeds vary in lliiekne.ss 
from the much flattened seeds of the black twining varieiis-s 
(types I, II) to the Nepali variety which is round in soctimi, 

The size and weight of the seed vary considerahly, the 
lowest weight per hundred seeds being less than 4 grams in the 
case of the twining types I — IV, and as much as 24 grams in Hm 
case of Nepali. Hooper (11) observed that black seeds (!ollo(,!icd 
from the hills are heavier than those collected in. the jdaiiis. ( htr 
observations also show that the black seeded variety (type 1 A) 
obtained from the hills which appears to be practicall}’' tlie same 
type as that cultivated in the plains (type I) ha,s a weiglit per 
100 seeds of G'25 grams, but after one .season’s growtii it lias 
been reduced to 5\5 grams })er 100 seeds, as compared to an 
average of 3 ‘9 for the plots of the local variety. The greeny 
yellow (type 3 A) and pale chocolate (type 4 A) varieties intro- 
cluced from the hills have behaved similarly, but these diifer 
from the yellow and chocolate varieties of the plains in vcgeta 
tive characters. The early black twining type (type I) fihta/ined 
from Patna has increased in weight from 3-2 grams [ler luo tn 
3 ‘9 grams under cultivation at 8abour. The weight ol' 100 seeds 
in some of the American varieties such as Barchet, Ihikiii ;md 
.Ping.slm has remained ap])roximately constant, w]ior(!as oihurs, 
such as Duggar, Hollyhrook and Mammoth have deci-eased in 
weight moi'e or less eonsiderably during the ])ast season. Tin; 
Nepali type has decreased in weiglit from 24*4 grams i.o 12*8 
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grama per 100 seeds. The variation in weight per 100 seeds 
in the case of varieties cultivated in new localities would appear 
to give a good indication of the adaptability of a variety to its 
new environment. 

There are many characters for seed colour, the local types 
being either black, chocolate or yellow. Yellow seeds may have 
more or less of a greenish tinge. In one Darjeeling variety the 
seeds are greenish yellow. In the case of the chocolate and 
yellow seeds there may be subtypes in which the colour is paler. 
A. dark coloured seed coat may be a disadvantage if a white 
meal is refjuired. The hilum may be of the same colour as the 
rest of tlie seed coat or the black or chocolate colour of the hilum 
may merge into the yellow colour of the rest of the seed coat. 
In these cases the hilum colour usually spreads out to form an 
uneven band round the hilum of greater or less width. The 
colour of the germ was ^mllow in all the varieties examined. 

5/. —Seeds (Composition). 

Owing to the fact that the Soy Bean has recently come into 
prominent notice from its value as a food-stuff and also as an oil- 
yielding crop, it will be unnecessary to dilate upon these uses, 
as many able writers have called our attention to the use of Soy 
Beans for both purposes. In recent years Hooper (11.) has 
published numerous analyses of Soy Beans from various parts of 
the world, a large pamphlet has been published upon the crop 
by the Imperial Chinese Customs (10) and numerous Bulletins, 
principally dealing with the purely botanical or agricultural side 
of the question, have been issued by the United States Depart- 
ment of Agriculture. 

All chemical work published up to the present, however, 
appears to have been done on the broad lines of analyses of bulk 
samples introduced from different parts of the world and very 
little care appears to have been taken to ensure the purity of 
the types analysed. It was thought that it might prove of 
interest to examine the chemical characteristics of certain 
varieties grown from the seed of single plants. 
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In consequence several observahons wcic . 

quantities of seed obtained tVoni single |iUint,s m ■ '■ ■- 

to the fact that a proportion of the seed was requm d ,o, 
sowing again in the following year, the sizes ot the samples ueie 
very snil and we were only able to determine the nitrogen m 
small quantities of seed from each plant. From hve to .sevei, 
seeds were taken in each case, and the nitrogen was dei.ermmed 
by Kjeldalil’s method. It will be seen that it was minossihle o 
arrive at definite conclusions from observatmii.s ot such est remel.i 
small samples, which did not exceed (l-t gram m weight m .any 
case, Owing, however, to the fact that they wore the starting 
point of oui- work, it will be of interest to give the results 
obtained from these experiments. 

These results were as follows 




Nitrogen euntent. 

\ jiriutiou friHU 

Colour of Buana. 

Original No. 

Ml un. 

Black (type 1) 

135 A. 

135 B. i 

(i’OH 1 

5-92 1 

■<)(] 


135 C. 

6-43 

1 *21.) 


Mean ... 

G'14 


Yellow (type 3) 

95 A. 

95 B. 

95 C. 

5'99 

5-93 

5-ti() 

d-*ir. 

■! *119 
■21 


Mean ... 

5^S4 


Chocolate (type 4) 

91 A. 

94 B. 

5-32 

5*44 

! *20 
■f *32 


94 G. 

4*83 

•29 


94 D. 

1*74 

*3K 

■I- -in 


94 E. 

5*28 


Mean ... 

5^ . 



The great difference in nitrogen content between the black 
and chocolate varieties led os to think that it wonld be nf 
interest to see if these differences were merely aeeidentjd or were 
inherited characters of the varieties. 

Owing to the small size of the sam])lG.s, to wlii<;h reb,M'eHe<' 
has already been made, it was thought tliat it would lie id' 
interest to corroborate our observations liy an examinaiimi of 
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large l)ulk samples from the ])lots from 
j)latits had been selected. 

The results obtained were as follows 

OoLOtTR. 

Black 

Yellow ... ■■■ 

Cliocolate ... 


which the.se single 


Nitrogen. 
Pei’ cent. 
6 17 
5 -44 
r)*74 


Although these plots were not grown from single plants, yet 
they appeared to be perfectly even, and the.se results, in which 

the black .seed stood out ahead of the other two as regards its 
nitrogen content, tended to corroborate our observations on the 
.small samples obtained from the single plants. Conseciuently 
m the rains of 1910 we re.sowed not only tlie seeds of the singly 
selected plants, but also seeds from the original plots from which 
they were chosen. 


The descendants of the former were analysed plant by plant 
and the means are shown in the tables (Tables I— lY), giving 
their history for the past tliree years. From the descendants of 
the latter, 150 plants were taken from each plot for analysis 
(Tables V-~-Vn). ' ' 


The results of these analyses are striking, and are of addi- 
tional interest in that we were able this time to determine 
the oil contents of a great many specimens. In order that 
reference may be made to these tables, they are published at tlie 
end of the letter-press. 

On collecting the results we were still further strengtlienecl 
in our belief that it was possible that certain differences in oil and 
nitrogen content might be correlated with certain definite vegeta- 

tive characters. 

^ Firstly, in considering the nitrogen contents of three 
varieties, we can arrange them in tile following tabular 
statement showing the groups into whioli the samples of eacli 
variety may be arranged according to their nitrpgen ..content 

paffe 118 ), 

!<'' L13RAKY, 

% 
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-From this we see that in 1910 the black seeded varietj?’ 
showed a teiideney to group round the high nitrogen values 
while the yellow and chocolate varieties, although nearly ecpial to 
one another, were hir below the black. 

The actual means were as follows :~ 


Variety. 

Nitrogen content. 

Probable error of mean. 

Black (Type 1) 

Per cent. 

6 •72 

+ •02 

Yellow (Type 3) 

5(51 

+ •02 

Cliocolate (Type 4) 

5-57 

+ -0-2 





The fluctuations from the mean were extremely small. The 
standard deviation was about + 'o and the probable error of a 
single sample was therefore about -f ”2. 

Actual examination of the results obtained showed the 
following : — 


Variety. 

Mean 1- -2. 

Oiitssv.le mean -l-‘2. 

Black 

(54 

76 

Yeliow 

so 

(« 

Cliocolato 

70 

(58 


It has been mentioned that in 1911 we were able to deter- 
mine the oil contents of each type of seed. For tliis purpose 
about 70 plants of each kind were taken at rancl p»> a nd their 
oil content was determined. In this case it was found that the 
yellow and chocolate coloured varieties were by far the greatest in 
oil content, while the black seeds were in nearly every case far 
below them. 

The means obtained were as follows 


Variety. 

i 

1 No. of 

samples. 

Mean oil 
content. 

Probable error 
of mean. 

Black 

77 ■ 

1 

Per cent. 
1.3-52 

+ •08 

Yellow 

Ga 

IG'9!) 

+ •07 

Chocolate 

OS 

17-13 

+ 'oa 






h 
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Now from the data at our disposal we were ;d)le draw 
certain frequency curves for each variety.""' Idu'se curvt's i 

illustrate very clearly the fact that while the black se('ds ti'ieled 
to have higher nitrogen values than the others, oxjujtJy thf> 
contrary was the case with regard to the oil values, .ileferenee 
will be made to this later. ^ 

It has already been mentioned that in addition to these 
experiments undertaken in 1910 the actual descendants of: the if 

single plants originally analysed were sampled and their nitrogen 
content determined immediately. 

Owing to lack of time at our disposal we were not- aide to 
determine the oil content of these plots, but observations on tlieir 
nitrogen content led us to believe that they were not in any 
way different from the groups in which a determination of l)oth I 

nitrogen and oil was made. 

It would appear, however, that in 1910 the nitrogen content 
of the black soy beans was abnormally high. This was not only ^ 

the case in one plot, but was found in every single plot analysed. ^ 

Such variations are only to be expected as the charaetei' of tlio 
season varies ('rom year to year. 

From the experiments made during the three year’s ovm* 
which the crop has been under observation, however, it would 
appear extremely probable that the tendency of the black seeded 
variety is to maintain a high percentage of nitrogen and low 
percentage of oil, wliile the other two varieties probably have a 
tendency in a similar degree to give lower percentage of the >■ 

former and higher of the latter constituent. There appears to ^ 

be in fact little difference between the so-called chocolate and 
yellow varieties as will be seen from the table already shown. 

This is of great interest when viewed in conjunction with the 
fact that the vegetative characters of the vellow and oliocMilate; 
varieties, apart from the seed colour, appear to be siinilar, ;ind 
distinctly different from those of the black. From Ibis w(; ui f; k'd 
to believe that such characteristics as the oil and nitrogcm coniinit 
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That each variety contains unit species which differ in 
their nitrogen and oil content from the mean of the variety is 
not only extremely unlikely but is negatived by certain experi- 
ments made by us on certain seeds which were found to differ 
widely from, the normal {vide Tables I, II and III). 

It will be seen from what has gone before that the variety, 
having a high oil content had a low nitrogen content, and that 
the contrary was also the case. This led us to wonder whether 
the differences observed in 1910 and more carefully in 1911 
might have been due to some external cause which increased the 
formation of nitrogen and at the same time decreased the 
formation of oil. If this were the case the correlation between 
nitrogen and oil content in any single variety should have a very 
high negative value. The correlation was in consequence worked 
out in each variety by the usual formula. 

The results in each variety were very similar in magnitude. 
Tliey were as follows : — 


Viifiety. 

O'orroliition Factor. 

Probable Lln’or, 

Black (Typo 1) 

-• ‘tilo 

■ -r()7 

Yellow (Type 3) 

•:n 

+ •07 

Chocolate (Type 4) 

- -.‘IS 

+ •07 


There is therefore an indication of a slight negative correla- 
tion between the nitrogen and oil contents, but from these data 
they cannot be considered to be complementary to one another. 
In other words it is extremely improbable if, by some external 
cause, we were to be able to increase the average nitrogen 
content of the yellow soy bean crop until it reached the average 
observed by us in the black seeded variety, that the oil content 
would diminish at the same rate. Some slight correlation is 
naturally to be expected, as the increase in one form of energy 
supply is likely to be balanced by a decrease in the other form ; 
but the above relations point clearly to the fact that the 
correlation is not by any means absolute. In addition to this 
another test was made by bringing . into consideration the 
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size of the seeds whose oil coiiteiit had been (leite-nhiu’d. li 
external conditions affect the plant at all, they ar(^ very likely in 
show their action upon the weight of the individual sr-cd, nr 
upon its total yield. As a case in point, we may iiislama^ a soy 
bean (Type VI Nepali) whose seeds when grown at ^Sabo^ir ;ii’e 
only half the weight of those grown in the hills. 

From about 50 samples of the same type the correlation 
factor between the size of seed and oil content is found to be 
extremely small. 

Hence it follows that although in the case of tlirer* dehnite 
types of soy beans the mean oil content was found in t wo cases 
to be relativ^ely high and the nitrogen content was low, while in 
the remaining unit species the reverse jihenmnenon was observrMh 
yet in any particular tyjie there was not any great indication nf 
the dependence of oil and nitrogen content ii|)on one, aimt her or 
upon such external conditions as would modify the size of the 
seed. We are, therefore, led to believe that in the tlireo ty|H‘s 
studied, the percentage content of nitrogen and oil is iji all |)ro!v- 
ability a characteristic that is inlierited and tliat the variations 
which we have observed have been purely due to tlie (litrereiiccs 
in the types examined, and not to external causes. 

Finally in I Dll the means of the bulked plots from tlie seed 
of single plants were found to be as follows ; — 


Type. 

No. of plots. 

Nitrogen 

eoiitcMit. 

% 

Prolal.le erior 
of iiKJan. 

Mtiiin oil ' 

1 coiitont, 

! % 

Prol nlil.- 
I’l tiHMii. 

I Black 

10 

6-32 

4- *0(1 

■i2'Sr» 

! 'U 

III Yellow 

12 

5-08 

r‘0;} 

nuio 


IV^ Chocolate 

:i:i ! 

r)-!W 

! -o.*} 

lll-2t) 



■; id 


This includes 2r separate plots each grown from single pi an Is grown from tlii‘ nrigitiiil 
No, S40. The results of each of these plots are given in Tabic IV, 


From this it will be seen that the mean nitrogen contimj 
of the black type again far exceeds that of the otlnn'.s, wbih^ 
the differences as regards oil content are almost ideulieal wit li 
those observed last year; 
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The actual divergencies from the mean were very small 
d were in most cases within the limits of experimental 
for. Taking for instance the case of the black soy beans, 
which mean nitrogen content was 6 '3% (approximately), we 
id that out of 15 deterrainaoions 13 were within the limits 
3 4- ’2%, and each of the liheen came within the limits 
3 + ‘3%. Ill the same way the mean of the results obtained 
th the yellow soy beans was 57% (approximately), and out 
12 plots sampled and analysed 10 were within the limits 
1 +. whole twelve came within the limits 

1 + ‘3%. Again in the chocolate coloured variety we Hud 
at out of 33 plots sampled and analysed, whose mean nitro- 
in content was approximately 6%, 26 came within the limits 
+ '2% and 30 within the limits (i + •3%. 

From tliis it follows tliat the variation in nitrogen content 
individual plots was very small, and for all practical purposes 
ay be considered to have been constant over the whole field. 

similar constancy is observed in tlie oil determination, 
it of necessity cannot be so striking, owing to the fact 
lat the methods used in the determination of oil are by no 
t:ans so accurate as tliose used for tlie estimation of nitrogen. 


3^. — Matukitv. 

The life period of the different varieties of Soy Beans varies 
/er a wide range. Piper and Morse (3) state that the early 
.merican varieties ripen in eighty days and the latest varieties 
over one hundred and fifty days, while we have found that the 
xrieties (Types I — IV) found in the plains of Bengal take as much 
; two hundred days to mature. These types do not reach ma~ 
irity in America. These late types have a serious disadvantage 
1 that they remain on the land din ing both the rainy and cold 
jasons so that only one crop can be taken on the land during 
le year, but, on the other hand, they wmuld appear to produce 
iore pods per plant tlian the earlier types. Before Soy Beans 
in be recommended for cultivation in India on a large scale 
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it will probably be necessary to introduce satisfactory c;irly 
types. 

Soy Beans are grown during the i-ainy season ni lliiiar. 
dlie local varieties (Types I — IV") resemble the otln.'r iUmdai pulso 
crops in that they ripen off at the same time of year irrespt.'ctivo 
of the date on which they are planted. These late varieties 
normally ripen after the middle of Decemberj but can he sown 
from the end of May to the beginning of September, If they 
are planted late in September or early in October the size of ihe 
plant is much reduced and the date of harvesting may he some- 
what later. The varieties grown in the Darjeeling liills havt! a. 
somewhat shorter period of growth and were ripe in Novemher 
at Sabour in 191 1. None of these short season varieties have 
been found to have spread into the plains, A. statemenl. is given 
showing the life periods of the Bengal types. (Table VUL) 

As a result of some observations made by Ball ( 12) and 
Piper and Morse (9) in America it has been thought tliat a 
variety may progressively change from early to late, hut the 
evidence is at present by no means conclusive. Tlie oliserva- 
tions made by us at Sabour show that newly imported American 
varieties take a considerably shorter time to mature at Sabour 
than in America, but that plants from acclimatized seed imilAire 
somewhat later than those from freshly imported seed. A 
statement of our observations is given below : — 

Life periods of American va/rietics of Soy Ikaiis (/roirn 
at Sahour, 1911. 


Variety. 

Origin. 

Date of 
planting. 

Date ot 
harveating. 

liifa period 
at Sabour, 

ijit'c pciiod 
ill 18 H. A. 

Barchet 

S. P. I. No. 23232 

July 12 

Oct. 18 28 

99 lOS 

Over 1511 

1)0. 

Acclimatized from 



d.'iys. 

120 -1 28 

diiy.'i. 

Du{?gur ... 

Saharanpur. 

S. P. I. No. 17268c 


Oct. 11 

Ml 

110 120 

Haberlaudt ... 

S. P. I. No. 17271 


Oc!t. 31 

111 

120 13(1 

Hollybi'ook ... 

S. P. I. No. 17278 


Oct. 19 ; 

91) 

i.'to-ino 1 

Maramotli 

S. P. I. No. 30205 


Oct, 25 j 

105 

130-1,51) 

Pekin 

S. P. I. No. 17852B 


Sept. 30 1 

HO 

Piii{>:slui 

Ricelancl 

S. P. I. No. 18259 
Acclimatized seed 


Sept. 25 
Nov. 13 1 

121 

Ovei- 150 


from Saharanpur. 

i 



125 


: 

f ' 

1 # 


H * 
■I 


•I ‘ r 

A i i 

4 ■ * 



WOODHOUSE AND tAYLOll. 

oh. — Diseases. 

Soy beans do not appear to suffer much from diseases, 
tliougii a portion of the chocolate-seeded plot was wilted by 
Fusarium sp. in 1909, and again in 1911 a portion of one of 
the chocolate-seeded plots was attacked. A leafspot disease 
caused by a species of Cercospora produces brown spots on the 
leaves and weakens the plants somewhat. No very serious 
damage to the plots at Sabour has been done by insect pests 
though surface grasshoppers (Chrotogonus trachypterus) do 
some damage to the young seedlings, and it is necessary to keep 
picking off the young broods of the Bihar hairy caterpillar 
(Diacrisia obliqua) as they appear. Mr. Dutt has also observed 
groundnut leaf roller (Anarsia ephippias) on soy beans at Pusa. 
One of the great merits of the soy beans examined at Sabour is 
tlie entire freedom of the stored grain from weevils, a fact which 
is of interest in view of Shaw’s (10) statement that in China 
“ worms and weevils do damage to the seeds after liarvest.” 

4.~~DESCRIPTION OF TYPES. 

It has been thought advisable to describe the chief types ol' 
soy beans isolated up to the present time (season 1911) in order 
to record the characters of the types on which the chemical seJec- 
iion work has been carried out. In the course of a few years, 
when the various combinations of the ver^^ large number of unit 
characters have been isolated, it is probable that a very large 
number of types will be known. 

Type I. — “ Kcda Blietmcts. ” 

Stem and secondary branches long, weak, reclining, some 
tertiaries ascending. Leaves bullate. Stems, leaves and pods 
with tawny pubescence. Flowers purple G to 7mm. long, usually 
sessile in short racemes. Pods 1*3" to 17" long, 1 — 3 together, 
seeds black, 4 to 6‘5 mm. long by 3 to 4*5 mm. broad, elliptical, 
much flattened, germ yellow. Seeds contained Gd to 6 '6% 
nitrogen and 11*2 to 13 ’5% oil in 1911. 

The habit of plants of this type is quite distinct. The main 
stern and secondary branches lie along the ground, but some of 
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the shorter tertiary branches are more ascending and attain t(t a, 
height of about 18 inches from the ground. A plot of ihis type 
is slightly taller than the earl}'' black but lowei’ than l lin oMun' 
types. Measurements were made of a typical plant sit the. ciid 
of September, smd a main stem of ‘2G internodes was 83 inches 
long, the secondary branches were produced from the 2iid to the 
17th node and measured up to 32 inches, the lower inteniodes 
of the main stem were less than 1 inch and the upper ones as 
much as 3*5 inches long. The reclining stems often root at tlie 
nodes. Red stains are often produced wherever tlie stems are 
injured. The lower leaves are usually darker green, .*iiid .-i U'picnl 
measurement of an apical leaflet of a leaf subtending < >r a. hove!- 
branch is 3’7 inches by 2-3 inches. The leaves at ilie apices ol‘ 
the branches are slightly smaller {3‘3 inches by I'd indies), are 
distinctly bullate and are usually dotted with yellow. Tlio wfiolc 
plant is covered w-ith tawny pubescence. TIic plants cmmnencc 
flowering at the end of September and are usually iii ftill llowei- 
at the beginning of October ; tlie terminal inllorescencos arc 
produced at the cud of October and tlie pods ripen by Mie middh/ 
of Uecember. The brownish pods are .slightly curved and from one 
to three seeded. Not more than tliree pudsare usually produiu'd 
oil one raceme. Unripe seeds are larger and pur|>hj in colour hut 
become blacker and smaller as they ripen, ddie weiglit of His'd 
produced per [ilant foi- iin avei-ago (d alanit 2aU plants gitovn in 
the Botanical Experiment Area in 1911 worked out at i!') gnims 
per plant. The weight of 100 -seeds varies from 3-2 lo -P!) gram.s 
(mean 3 -9). In connection with the hiet tlnit the seed has oiveii 
a consistently high percentage of nitrogen, it is int.eresUng to 
note that the prepared dal i.s considered by cultivators to he 
more heating than that of the othei- vju-ieties. d'his lyj)e ha.^ 
hccu collected most iVc<|Uently :vt exhihilions in the province. It 
has been grown at Sahour <luriug the .s(*iisoiis 1909, 19 !0, 191 i, 
and has kept its distinctive cluiractei's. 

It appears to be grown tis a [)ure cro[> w'ilhoul impui-i 
ties, though types which vary in their time of ripening m;iy 
occur. (Plate 1). 
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Type lA. A batch of similar but slightly larger seed 
obiaiiied from Darjeeling \yas found also to have bullate leaves, 
but to be made up of a number of constituents differing in time of 
ripening, the seeds were larger than the acclimatized type and 
weighed from 3*75 to 5 '90 grains per 100. This variety is listed 
as variety 3 by Goodwin (13) in the Bengal Quarterly Journal 
Vol. lY, No. 3. 

Type 2.—“ Kala Bhetmasy 

Stem and branches long, weak, reclining, leaves bullate. 
Sterns, leaves and pods with tawny pubescence. Flower’s purple, 

0 to 7 inra. long, usually sessile in .short racemes. Pods 1-2 to 

1 7) iticlies, 1-3 together. Seeds black, 3 ‘5 to 7 ram. long, by 3 pj 
4-5 mm. broad, elliptical, much flattened. Germ yellow.' The 
seeds cuntained G'l to G'o per cent, of nitrogen and 12'4 to 
U‘3 per ocnt. oil in 1911. 

Tlus ty[>e differs from Type I only in havrng a more pros- 
trate habit and in ripening considerably earlier. Wlien tins type 
was first selected the seed was f’ourid to be smaller than that of 
lypo 1, but this difference has disappeared during itsseeoird year 
ol cultivation, In 1910 seven individual plants of this type gave 
an average weight per 100 seeds of 3'2 grams (extremes 2'45 to 
3*9 grams), whereas the offspring of these 7 plants in 1911 gave 
an average weight of 100 seeds of 3 '9 grams (extremes to 
1'25 grams) wliich is the same as that for Type 1. This type can 
be distinguislied from Type 1 in tlie Held by its lower habit of 
growth, but it is extremely difficult to give a morphological ex- 
plamitioii for the difference. Tlie chief difference betumen the 
two types lies in their period of maturity. In 1911 the plot.s of 
Ty})es 1 and 2 were both sown on July 12, hut Type 2 was in full 
flower on beptember 21, whereas Typo I did not eomnienco ilower- 
ing until October 3. Type 2 was ripe on December 5 and Type 
f on December 15. This type was obtained from Bankipur 
Kxliibition in 19 fO and has been under observation for two years. 

Type 

Basal portion of stem stout iipriglit, apical portion weak, re- 
cliiiing, secondary bi'anelies lung, weak, reclining, some tertiaries 
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ascending. Stems, leaves and pods with tawny pubewnuHM'. 
Blowers purple, 6 to 7 mm. long, sessile in short racemes. Ib'ds 
1-3 to 1-7 inches, 1-3 together. Seeds pale yellow, greeuisii 
w'hen immature, 4 to (ha mm. long by 3 to 4-a mne hinjul, 
elliptical, flattened. Hilum brown, brown colour ex t('ndmg mil- 
wards in a band round the hilum. Germ yellow. Seeds contained 
5-4 to 5*9 per cent, nitrogen and 15-5 to 17'5 per cent. oil. 

This type and Type 4 are similar except in the colour and 
composition of the seeds. Their habit is markedly di Ileum t 
from that of Type 1. The main stem is usually stout and 
upright below, but its upper portion and the secondary br;inche.s 
bend down towards the ground. Some of the branches oi (be 
higher orders are more ascending. The length of tlie .stem and 
branches is similar to that of Type 1. In vigorous pbmi.s Uie 


main .stem is erect to a height ot about 1 tool/ aaid then the 
main stem droops over, the branches ascend fur a few inches 
and then also droop, their apices lying along the ground. In 
thickly sown plots the plants grow up straight to a Imight 
of about 18 inches and then the stem and two or three long 
unbrauched secondary branches droop down to\vard.s the ground. 
The flowers are concealed beneath the leaves and are not wo 
readily noticeable as in the black types. The reclining .stems 
often root at the nodes. The leaves are flat and somewlial larger 
than those of Type 1, well developed apical leaflet measuring 
about 4 inches by 2 inches. The colour of tlie leave.s i.s also 
lighter green than in Type 1, but this character is only ap|)arent 
in the field. The whole plant is tawnily pubescent. The ripen- 
ing plants when bare of leaves can be distinguished (Vom Tygxi 1 
by their brighter yellow colour. This type rnature.s .sligldly 
later than Type 1 . In 1911 the terminal inflorescences were 
not produced until November 13, whereas Type ! had cum 
menced to produce terminal indorescences on Octolaw 27. Tin- 
pods are ripe hj about December 20. This ty[)e is usu.-dly 
found growing mixed with Type 4 from which it cannni be 
distinguished in the field. It was originally olhained frum 
Sankarpur dearh near Bhagalpur and has been grown at h!al.M)Ui' 
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for three years. The brownish pods are slightly curved and 
from I — 3 seeded. Not more than 3 j^ods are usually produced 
on one raceme The average yield per plant from 500 plants 
cultivated in the Botanic Experiment Area in 1 9 11 worked out 
at 49 grams per pla^d. The weight of 100 seeds varies from 
4*8— .5*95 grams (mean 5 ’45 grams). 

Type 3a. 

An impure variety with greeny yellow seeds and a broad 
brown band round the hilum was obtained from Kalirapong and 
grown at Saboiir in 1911. It was found to be extremely impure, 
plants differing in having tawny or whitish hairs, stout, short, 
upright or long twining upright branches and broader or narrower 
leaves. In the majority of the plants the branches were very 
numerous, long, thin, upright and twining at the ends. This is 
variety 1 of Goodwin’s list (13), in which it is stated to have the 
finest liavour of the .Darjeeling varieties. It was grown at 
Habour in 1911. (Plate III). 

Tv PE 4. — Lai BhetmauL 

Basal portion of stem stout, upright, apical portion weak, re- 
dining ; secondary branches long, weak, reclining ; some tertiaries 
ascending. Stenrs, leaves and pods with tawny pubescence, 
.h^lowers purple, 6 to 7 mm. long, sessile in short racemes. Pods 
I '3 to 1*7 iuche.s, 1-3 together. Seeds chocolate, 4 to 6 mm. long 
by 3 to 4 '5 mm. broad, elliptical slightly tlattened only, hilum 
slightly lighter chocolate. Germ yellow. Seeds contained 5 ‘6 to 
6'1 per cent, nitrogen and 15 '6 to 17 '3 per cent, oil in 1911. 

This differs from Type 3 only in its seed characters. The 
red stains marking injuries to the stem of the type already 
noticed in the case of Type 1 were also noticed in some plants, 
and may perhaps be due to the same factor which produces the 
dark colour of the seed coat in these two types. The average 
yield per plant of nearly 1,500 plants cultivated in the Botanic 
area in 1911 worked out at 53 grams per plant. The weight of 
100 seeds varies between 4*41 and 6^5 grams (mean 5*53 grams). 
In field cultivation it appears to be usually mixed with Type 3. 
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Type 4a, 

A somewhat similar impure variety has also been oiiliniii'd 
from Kalimpong. It has pale chocolate seeds and is hstiid by 
Goodwin as variety 2. It differs from the Bengal Type •! in 
having seeds of lighter colour, comparatively few long I wining 
branches which lie along the ground, and in ripening consiitmably 
earlier. The leaves in some plants were also narrower. The s('tMls 
are also heavier than the local variety but have decreased in woiglii 
under cultivation in the plains. It wtvs grown at Saboiir in 191 I, 

Type 5.^ — BarnieU 

Stems sliort, stout, upright; secondary brajiclnrs upright 
ascending close to stem. Stems, leaves and pods covered with 
tawmy pubescence. Flowers purple, 0 to 7 mm. long, j)fduncl.‘d 
on longer racemes. Pods 1 to 7 together. Seeds brigi it yollou, 
4’5 to 7'5 min. long by 3‘d to 5’5 mm. broad, elliptical, tlaii.mn d, 
bilum only brown. Germ yellow. Seeds contained 5 '.‘hi per ctml. 
nitrogen and lOFG per cent, oil in 191 I. (1 sample only,) 

This type is of erect habit, the stem usually consisting of 
about 2 1 nodes and measuring up to 28 inches ; the lower braiiebes 
do not usually exceed 11. inches (8 nudes), but in paaddeularly tall 
and vigorous plants upright braiiehes ol leugtli 31 inches !ia,ve 
been noted. The upper In'anches usually consist of (iiie iir tw(> 
nodes only ; the branches ascend close to the main stem, 'fbu 
leaves are large, an apical leallet measuring 4'8 by 27 — a inches 
and are covered with longer and more upright hair.s than in ot her 
types. The plot sown at Sabour on July 12, 1911, was in ilewei- 
on September 24 and some plants were ripe on Noveuila.ir 1 8, 
though the bulk of the crop was harvested on December 9. Tim 
flowers are produced in rather elongated racemes on which fn mi 
1 to 7 pods are produced. The ripa pods are whitish and covered 
with pale yellow hairs. The crop when dead rijie has a disliiief. 
whitish appearance. The weight of seed per plant prodmaal by 
20 good average plants was at the rate of 42 gra,ms per plant, 
whereas that for 100 average plants was at the vat.o of 2o graaus 
per plant. The weight of 1.00 seeds wa,s 8-25 gi'a.m,s wlie.n 
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growing at Kalirapong, but fell to 7-4 after cultivation at 
Saboui’. 

TIiir |-,ype is gi-owii at Kalirnpoiij; and was grown at Sabour 
and on all the Bengal farms in 1911 . The variety was listed as 
variety 4 by Goodwin ( 13 ) in the Report of the Kalirapong Farm 
for 1910 - 11 . Commonly a weak plant with thinner prostrate or 
partially ascending .stems and .smaller leaves, but .similar as 
regards poitod of maturity, .sliortne,s.s of nodes, pubeseenoe, 
and seed colour, is found in this crop. (Plate II), 

Type G.~“ Nepali Bhetmas.'’ 

Steins short, stout, upright ; secondary branches short, 
upright ascending close to stem. Leaves nearly glabrous, stems 
and pods covered witli tawny pubescence. .Flowers white, 6 to 
7 mm. long, sessile in short racemes. Pods .1 to 3 together. 
Seeds lirown, 8 to lO mm. long, by (\ to 8 mm. broad, oval not 
llatteiied, germ yellow. Seeds contained ;r72 per cent, nitrogen 
and 20 ‘O l per cent, oil, 

Tins type has a short, stout, upright stem varying in lenotli 
from (5 to 15 inches, the branches are few and short, ""the lou^r 
brandies not exceeding G inches in length and the upper being 
eonsidei'abJy shorter ; tliey make an angle of less than 30“ with 
the main stem. The stems are brownish and covered with tawny 
pubescence. The leaves are flat, covered with closely adpresse’d 
liairs and dark green in colour, they vary in size from 3 inches by 
1 ‘8 inches to 5 inches by 2 inches broad. The leaflets are decidu- 
ous from the upright petioles. The plot planted at Sabour on July 
12, 1911, was in flower on September G and was ripe by Octobe!r 
fjf). Ihe pods are brownish and covered with tawny pubescence 
Sixty-five plants of the general crop of this variety in 191! 
produced seed at the rate of 5 grams per plant only. Tlie seed 
grown at Kalimpong weighed 24-4 grams per 100 seeds, while 
that grown at Sabour was shrivelled and pitted and only weio-hed 
12’8 grams per 100. ' 

Tins type was obtained from Kalimpong and was tested at 
Subourin 1911, It is listed as variety 6 by Goodwin in the 
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KepoH of theKalimpong Earn for 1.910-11, wliom if io si ni.'d 
that this variety is cultivated at higher altitudiis ihan Ilia (shivr 
varieties. It does not do so well when sown as a- inixod t;io|> 
with maize as when grown by itself. (Plate III). 

.5. DISTRIBUTION. 

Deeandolle (14) came to the conclusion that soy beaiis are a. 
modern introduction into India, because Roxburgh had only sism 
an introduced plant in the Calcutta Botanic Gardens. Our obser- 
vations show that the black, chocolate, and yellow seedral variGies 
of soy beans (Types I — IV) are cultivated under tlu^ name Bhei- 
mas to a very limited extent indeed in the plains of Bengal. I he 
only plots which we have actually seen growing have bemi in ihe 
neighbourhood of Sabour from seed stolen from the Botanical 
area. Samples of the seeds have, however, been met with at 
exhibitions in Bihar, Orissa and Chota Nagpur. In tlio Sontlial 
Parganas the yellow and chocolate varieties are cultivated with 
cotton and are called Disomhorac. It is, therefore, poasiible tlial 
soy beans may have been cultivated in the plains before Rox - 
burgh’s time, but escaped his notice owing to the extremely limit- 
ed extent of their cultivation. In the hills the following livtf 
varieties, black seed (Type lA), greeny yellow (Type IIIA), pale 
chocolate (Type IV A), Barmeli and Nepali, are cultivated to 
a small extent and of these the Barmeli variety would appear 
to be the commonest. Soy beans can be cultivated U}) to an 
elevation of 6,000 feet where Phaseoliis Spp. will not tlirive. 

With regard to their distribution it is interesting to note 
that all the varieties cultivated in the plains are pure, wliereas 
those cultivated in the hills are u.sually very impure. The lypcs 
present in the plains are all late varieties with long twining 
branches, tawny hairs and purple flowers, whereas the Daijeoliiig 
varieties appear to contain plants exhibiting many other charato 
ters such as upright habit, white flowers, adpressed hairs on l,ln‘ 
upper leaf surface, white pubescence and various seed characters 
which are present in the Chinese varieties introduced into .Amer- 
ica. The time of maturity of the Darjeeling varieties also 
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varies. These facts make it seem probable that the Darjeeling 
varieties wei’e originally obtained from China through Tibet, and 
have spread thence into the plains, where only these types best 
adapted to the plains have survived. 

Shaw (10) states that in China “ the further north they 
extend the better in quality do the beans become.” Our observa- 
tions show that the seed of a variety cultivated in the Himalayas 
is heavier than the seed of the same variety cultivated in the 
plains It is probable therefore that soy beans find more suitable 
conditions in the hills than the plains, and this would account for 
tlieir having spread outwards for a short distance only from the foot 
of the liills. We cannot therefore expect to obtain much success 
in acclimatizing soy beans, except along’ the foot of the Himalayas 
and our greatest chance of introducing the crop successfully will be 
in the Himalayas. 

6. CULTIVATION. 

In the plains soy beans can be grown alone or with maize, 
or cotton. They will grow satisfactorily on high lands and do 
not necessarily require manure. The land should receive some 
3 or 4 ploughings and should be clean and in good tilth. 
The seed may be sown broadcast at the rate of 10 seers or 
in drills two to three feet apart according to variety at 6 seers 
per acre from the break of the monsoon to the end of July, 
though a smaller crop could be obtained from seed sown up till 
the middle of September. Shaw (10) state.s that in China the 
seed is sown by hand on top of drills and covered by hand. The 
crop is benefited by one or two hoeings in J uly and August, but 
after that will require no further treatment until harvest, though 
a hoeing in September after the close of monsoon is useful to 
conserve the moisture. It is probable that the crop could also 
be sown broadcast at a slightly greater seed rate in September 
on Kulthi and Kalai lands to take the place of these crops. The 
late varieties (Types I — IV) flower in October and their yield will 
be considerably decreased if the land dries before that time. The 
plants will be ready for harvest after the middle of December 
and should be harvested before they are fully ripe as the 
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seed sheds easily. The late varieties at preseiiL cullivrdi'd in 
the plains are unsatisfactory, in that their twininii;’ hal'd 
makes intereultivation difficult and their loiij.;' ,u;rn\vin<( peih)?! 
prevents the ground from being used for two crops ui (ho y«‘at\ 
besides which the^^ harbour rats during October to December. 

The usual method of cultivation of soy beans in 4 he .Darjoe 
ling hills is described b^^ Goodwin (13) as follows: — ‘'■.After (he 
maize crop has received the second hoeing and tlie weeds hav(‘ 
been carefully buried the seed is sown among it at the rate of 
40 lbs. per acre in June or the beginning of July. A Her tho 
maize has been harvested the top parts of the stalks aia; cid oO' 
and carried away, and the .Bhetmas crop is tliou hand weeded. 
The weeds may be pulled up and laid on <he ground if ihe erop 
is mot very thick, but they are often tied on to tin; maize 
stalks which have been left standing. After weeding I lu' crop 
soon covers the ground with a mas.s of lu.vuriant vegetal ton, the 
appearance of which is very fine. Soy beau ripon.s in Novemboj'. 
The leaves usually frll off before the crop is liarve.sted and add 
to the manurial residue left by tlie roots, the imdulc.s of wltieh 
are very conspicuous.” Goodwin has fbimd that the Nepali 
variety does not do well if grown with maize, but sown liy itself in 
drills 1 foot apart in April, it yielded 20 mds, (appro.v, 1 ton) per 
acre. Soy beans are also grown along the liavdvs round the paildy 
fields in Kalimpong. 

7. YIELD. 

The tables given below .show the actual yields obtained in 
experiments carried out in Bengal during the past year on 
unman ured land. The results of the experiments at Chiu.'^iiiah 
and Cuttack have been supplied by Mr. F. Smith, and Ihosc of 
the Sabour, Banklpur and .Dumraou farms by Mr. G. Sherrard, 
while all the information eoiicerning the culbivatioji of soy be.ans 
in Kalimpong has been obtained from Mr. P. Goodwin. It will 
be seen that the yield usually varies fi'om 8—1:3 mds. (appntx 
imately 650— l,000lbs.), but under favourable eircamstanctis ii 
may go up to over 26 mds. (over 2,200lbs.) per acre. It may !)<■. 
noted that these yields are much superior to those pnn'imi.slv 
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Nom-These jteWs were obtained on umnan„;:;jiZ 
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obtained ill India (lo). In China (12) the yield is said !<;■ va;ry 
from 400 — GOOlbs. per acre in the poorer districts aJoin*’ Me- 
Yellow Sea coasts np to 2,000lbs. per acre in the Thihlinn- district. 

The cost of cultivation to produce a crop oj‘ 8 i2ni;unHls 
should not be greater than Rs. 10 — 15 per acre in the plains, 
though it may be increased to Rs. 20 per acre if many wecaiiags 
are given. One or at most two weedings are probably sidiicioid. 
it the crop has germinated well, At-Kalimpong, Goodwin (13) 
produced a crop of 17 maunds 12 seers (approximately l, )20ll)s.) 
gi ain at a cost of Rs. 22 annas 8 for cultivation (excluding rent). 


8. PRICE. 

Although experiments are being made all over ilm worhl 
on the possibility of establishing soy beans as a paying cTop, 
yet it would appear that Manchuria is still the only soiircci froni 
which they are obtained in large (luantities. 

Up till recent years the prices of Manchurian soy beans 
have been so small that it was unlikely to pay to grow the 
crop in other parts of the world. There is, however, an inclica^- 
tion that the prices are steadily rising and, in fact, wliilo in 
the autumn of 1908 the price was only .£4-15 in England 
it went^ up to as much as £8-5 per ton towards the end of 
1910 (bhawlO). At the same time the price of oil went up 
to £30 per ton and the soja meal, obtained after extracting*' 
the oil, was sold at about £6-10=^^ per ton. ^ 

Now by purchasing and selling at these rates, the manufae- 
turer would have paid for 100 tons, £825. It may be assumed 
that some 13 tons of oil and 87 tons of meal could have been 
obtained from this which would have sold for £390 and 
£565-10 respectively. His gross receipts therefore on 100 
tons, at these rates, would have been £955-10, and his o'ross 
profits about £130. This would have allowed ,£1-6 jieiMxm 
for cost of manufacture and profit, which would be oqui vaioiit 


We have recently received a letter from England ouotinr^ 

^7.6,md fine meal per to tom Ma, to Angaet 1813.° 

It, formation to the conttey of the Hnll Oil Manutnotarin, Company Wmita, 
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to about ie% of the cost price. This is not sufficient margin 

inv could be given for the 

• aena, unless an increased price were obtained either for 

tlie oil or the meal. 

lonshH that .£6-10 per ton is a ridicu- 

ouolit P"“® P^y »■ Peed of such concentrated feeding 
quality as soy bean meal. The former cheapness of the meal 
has been due probably to the fact, that until quite recently it 
was found impossible to remove the objectionable odour due to the 

“elr'™! OP however, a meal has 

been put on the market which has not any trace of smell of the 
solvents used, and it is possible that the advent of this meal will 
raise the price of the product to a considerable extent, and enable 
the manufacturer to pay better prices for the raw material'. 

As prices are at present, it would appear doubtful whether 
^ giowth of the soy bean crop could be extended for export 
purposes. Our experiments appear to point Out that yields of 
8 -- 12 maunds per acre may be expected with reasonable care, and 
at the].n-esent time prices of Rs. 3/- to 3/4 per maund free on rail 
IS required by the few growers of indigenous soy beans. This 
■ WOTks out at about .£5-8 to .£5-17 per ton. The reason for 
this high rate is not that the cost of cultivation is high as it 
IS probable that in Bihar it should not exceed Rs. 10/- to 15/- 
per acre. The crop, however, is a difficult one in that it is on 
the land much longer than other pulses, and that it has in 
consequence to pay rent for tvyo seasons. This difficulty may be 
met by the introduction of early ripening varieties, but of this 
we are unable to speak with certainty. Unless a higher yield 
or an earlier ripening variety can be obtained, however, there 
would appear to be little possibility of making sufficient profit 
a the price of Rs. 2-8 per maund or £4-10 per ton which is 
ottered by merchants in Calcutta. 

There can be no doubt that the crop is intrinsically worth ' 
more than this, for it has been shown that, with reasonable 
prices lor the oil and meal, the manufacturer can obtain over 
£9-10 per ton for the seed after manufacture. 
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Also it has been pointed out already that tlio preHonl prifr 
of £7-5 per ton for the meal is only for meal as oaltlo ! s' 

success crowns the recent attempts to put the meal on llni marks-l 
for biscuit and cake manufacture it is evident that tlis^ maan 
facturer will ask for more than £7-5 per ton for the Ihu* meal 

With the price of the coarsest wheat flour at £ 1 0 to I'l i pm' 
ton it may be assumed that the manufacturer will be juslifiod in 
asking for soy bean flour, which is much more nutritious, at 
least £8 to £10 per ton. With the price at the lowei* liguro. 
from 100 tons of seed the manufacturer would get 87 tons of 
meal worth £696 and 13 tons of oil 'worth £390 or £ !,086 worili 
of manufactured products. In this way he would get m'arly !,*! 1 
per ton of seed which should allow him easily to j)ay the .CO per 
ton in' England required to bring the price up) to 17 ])nr ton or 
Rs. 4 per maund in Calcutta. 

It will, therefore, be seen from what precedes iliat if the 
growth of soy beans is to spread in India we must obtain 
either : — 

(a) Higher prices from the mauufaeturers. 

(h) Higher yields of seedper acre andearlier ripeiiirigvariot ios. 

It would appear that neither of these conditions is impos 
sible, but it is uncertain whether either will he fulfilled. 

9. USES. 

Food-Stuff In Bengal soy beans are used very little for food 
as they are said to be too heat producing. It is usually taken aft.-r 
frying over a heated sand bath as hhunja, but it is also lieat,‘d 
crushed, and then used as dal, and also as larua mixed with 

The high percentage of nitrogen and oil in this pulse ^umUl 
make it a particularly valuable addition to a rieo diet as a 
preventative of heri heri That there are a nuinher of .ijin'r 
ways of preparing soy beans for food in addition to those imm... 

' ^ ' m the follov mg extracts from Hha,w’s 

Soy Bean in Manchuria (10) which are quoted lioroat lemdh for 
the benefit of those desirous of experimenting with soy i)cans iL 
an article of diet, 
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111 the Far East the beans are put to a variety of uses •- 

(«) As u iood-stuft- they are made iato- 

the !' “y- (whence 

boilinrtT It is nmde by 

•ind le'i’ "*" quantity of wheat or barley, 

L , T'”® ferment : a layer of salt and three times 

Drprs**°i afterwards put in, when the liquid is 

fLl ,L The following method is more scientific 

lirl , ^ Tlqual weights of beans, coarse 

lv'l!J "?•? ’ should be taken, the beans washed and 

o! ec until tender, and pounded in a mortar, the barley meal 
Jcnig added gradually. The mass should then be placed in an 
ear . ienware bowl and covered with a cloth, to be stood in a warm 
pace or several days, until it is sufficiently fermented, but not 

non cy fhe salt is then dissolved in water and stirred into the 
maas, which must be kept closely covered for three months 
< uung which time it must be stirred for one hour daily. At the 
ein of this time it is strained through a fine cloth, as much of 
-le moisture as possible being extracted by pressure; after it 
L-is become clear tlie sauce is ready for use. 

11. The Ohiiiese paste chiaiif/— not the same article of diet 
as tlio Japanese paste miso. It i.s made by farmers, and eaten 
wi i iish, meat, and vegetables, while the more expensive Chinese 
soy IS only made by wealthy fauiilie.s and restaurant-keepers and 
IS not consumed by the very poor. 

mj of chiang : ta (great) and hsiao (small). 

Ihe former is made in the following way The ingredients— 1 tou 
ol yellow beans and 2 tou of water — are boiled until the mass of 
tho former can be readily crumbled in the fingers. It is next 
ground with a wooden pestle in a tub into the shape of a pan- 
cake, and laid on a mat in a cool place for fermentation, which 
is complete at the end of two months. The fermented mass is 
then re-ground to powder and 4 sheng (native pints) of salt with 
water are added, after which it is placed in the open and stirred 
occasionally. As tlie water evaporates more must be added and 
in 15 days the mixture is ready for consumption. 
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Hsiao chiang is made in the same way, but tlu; iu'ji’ttdicuU 
are 1 tou 1 sheng (1 peck and 1 pint) of beans to ! sJunuj (tl 
to which 5 sheng of salt are added, 

III. Toii-fu, or beancurd- — made from green or yriiow 
beans, the first giving greater quantity but poorer (|iialitv. tin* 
beans are steeped in water until they swell considerably, linn* 
ground in a stone mill, and passed through a strainer wliiclf 
retains the epidermis of the beans ; after which they are boiled in 
a pot, poured off into ajar, and well diluted brine added to iheni 
this being stirred in, causes coagulation of the proteid eonqumnd 
legumin or vegetable casein, and the mixture is ready lo lie 
drained off in an hour and cut into blocks for sale.” 

Some trials of the value of soy beans' as a gi’een vegt^iabl!- 
carried out by Mr. Sil at Sabour showed that the pods wer(! 
unpleasantly fibrous. 

Oil : — The chief use of the oil is for soap-making, and it* is 
■for the extraction of the oil for this purpose that the seeils ar<? 
being imported into England on a large scale. In China. (Id) 
the oil is used as an illuminant, as a substitute for lard in cook - 
ing, though it is inferior to rapeseed and sesamiiin oil foi' ibis 
purpose, as a lubricant for greasing cart axles, and for water 
proofing cloth. 

Oake and Flour The fiour is already utilii^ed ibi* th*^ mauu - 
faeture of biscuits and should prove a valuable food-siuif a;-, it 
contains a high percentage of nitrogen. The hean calo- has 
given results equal to decorticated cotton cake in a iiundij r ol 
feeding trials with milch cows (15). 



10. GENERAL CONCLUSIONS. 

At the present time Soy Beans are grown to n, slight o,\ba 
only in the Darjeeling hills and to no appreeiahh.-. laxicnl- 
where although satisfiictory yields have been obtained itj U 
experiments conducted by the Agricultural Jlcpartimnit in bnl 
these areas. We may ascribe the present uiqiopularity of ll 
crop to the following reasons. For export tlie price i){rcivd 
Calcutta is not yet sufficiently attractive; as a lood-stnll' il 
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more potent than the ordinary pulses to which the people are 
accustomed ; as a crop for growth in the plains it has the dis- 
advantage of occupying the land during two seasons, it may 
suffer from w^^t6r-logging during the rains and requires plenty of 
moisturein'October, and it harbours rats during the last two 
^jnofrths of its growth. These objections do not appear to us by 
any means unsurmountable. We have already shown that there 
are good prospects of an increase of price of Soy Bean meal, 
which should enable manufacturers to pay more for their raw 
material. The use of Soy Beans for food could be extended if 
the educated classes once appreciate its value as an addition to a 
rice diet, and experiment with its preparation for food on the 
lines suggested. As a field crop in the plains it can suitably 
replace Vrd or Kalai (Phaseolus Mungo, Linn) as a mixed crop 
with Maize, in which case the maize would be harvested in 
September and the Soy Beans in December. It could also take 
the place of the Kidtlii (Dolichos bifforus) and sometimes Kalai, 
which are sown on large areas of high lands in September and 
"diich do not give very heavy or profitable crops. Its cultivation 
in he hills would probably be largely extended on the present 
lines as soon as the price reached a satisfactory figure. It only 
remains to say that our work is being continued on the lines 
indicated in this paper with a view to isolating early maturing 
types possessing a high yield of oil. 

We are much indebted to our Assistants, Mr. A .C. Ghosh, 
Asst. Economic Botanist, and Mr. M. N. Ghosh, Asst. Professor 
of Chemistry, for assistance in carrying out this work. 
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BLACK SOY BEANS. 

Table L 

^^jddf^hoimng the hislm-y of descendcmU of various simjly 
selected plants. 


1909. 1910. 1911. Oil. 


256 (bulked) | 


1 ()08 9 6-27 103 6-58 

1 5-92 6 6-88 49 6-09 


7-40 6 6-27 14' 


1 j 6-10 53 6‘22 14' 


7-23 6 6-11 


1 6 -87 6 6-43 

I 6'66 55 6-54 


rfe in 

I 1910 for abnormalities 
m nitrogen and oil 

contents but their des- 
cendants 'vvere found 
j to be normal. 

I Type 2. 

selected in 
1910. They appeared 
to ripen early and gave 
small Seeds, The ni- 
trogen contents were 
' ^‘so very high. Their 
descendh,nts have been 
found to return to the 
normal in this parti- 
cular. The oil contents 
are also normal. 
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YELLOW SOY BEYNS (TYPE 3). 
Table II. 


Table showing history of descendants of various singly 
selected 2^lctnts. 


Bkmabks, 


I Tliose wctv. Molijctt’tl in 
lillt) as li(!in{;a.l)norn)ai 
ill nitro^jnn nr nil run 
! trni„ In nvory raw. 

i tlinir (InHcnmJanfM havn 
fthown a irndumw <n 
revol t io ilie luran. 

J 


Original 

1909. 

1910. 

1911. 

Oil. 

No. of plants,' 

Nitrogen. 

No. of plants. 

Nitrogen, 

No. of plants. 

Nitrogen. 

1910. 

1911. 

95 A 

1 

5-99 

V 

5-()7 

186 

5-83 


16*30 

95 B 

1 

5-9B 

21 

5-79 

182 

5-52 


15*95 

95 C 

1 

5-60 

6 

5-()5 

117 

5-77 


Ki'OO 

E.j/as 



1 

614 

32 

5-96 

16'3S 

15*48 

E,,/55 



1 

6-08 

9 

5-37 

18*14 

17*5*2 




1 

6-10 

IS 

5-87 

15*98 

16*88 

E3/77 



1 

Oil 

9 

5-41 

17*22 

16*19 

E.i/BS 



1 

4-80 

4 

r»-73 

1906 

17*52 

B:i/86 



1 

5-47 

5 

5-4S 

17*7(5 

17*28 

Er>/101 ... 



1 

6-1 H 

4 

5-81 

16*12 

16*48 

- 



1 

5-01 

4 

5-77 

17*06 

16*3(5 

E;!/1(15 



1 

4-90 

14 

5-65 

19*3*2 

16*50 


CHOCOLATE SOY BEANS (TYPE 4). 
Table III. 


Table showing history of descendants of various siugh/ 
selected plants. 



3909. 

1910. 

1911. 

Oil. 

' 

Original 

No. 

No. of plants. 

Nitrogen. 

No. of plants. 

Nitrogen. 

(A 

■p. 

0 

525 

Nitrogen. 

1910. 

1911. 

Rrmahics. 

94 A 

1 

5*32 

2 

5-91 

ISO 

6*06 




9-1 B 

1 

5*44 

19 

5*85 

306 

5*93 




94 C 

1 

4*83 

24 

5*80 

1/2*27 

6*01 


16*03 

For aualy.soH of (lie ni* 
^ony of cacli of tlio ■ 
innglo planiH in 19U, 
Table IV. 

B2/1 



1 

4*93 

6 

5*60 

17-6-2 

15*56 

1 Those were .solooted i 

B2/3 



1 

4*75 

48 

5*89 

18*22 

17*28 

I 1910 as having nitrogt 

13*2/5 



1 

4*73 

43 

5*45 

19*16 

16*10 

1 content below norm! 

E2/82 



1 

4*83 

23 

5*74 

5*9(5 

19*.30 

16*66 

)■ and oil above, lu.rnm 

.E2/83 



1 

5*07 

37 

19*44 

17*34 

All show a ten.ii-tn 

B‘2/S0 



1 

4*93 

14 

6*67 

19*38 

16*08 

to revert to tlie norm! 
1 in both eases. 
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Table IV. 
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Table Y, 

Detcdled table showing the results obtained 'with 150 samples oj 
black soy beans analysed in 1 9 1 1 . 


of 10 


E~-l 

E~.l 

£>1:3 

E-1 

P-~4 

E- 1 
p'Zo 

E-1 

P™6 

E-l 

P-7 

E-l 

Y-8 

E-l 

P~0 

B™1 

P— To 

E— l 

p-li 

E-l 

p™:i2 

E-l 

P-13 

E— 1 
P-U 

E-1 

P--15 


Nitrogen 

rereentage. 


6-80 

6 68 

7-51 

6-50 
Spoilt 
(5*5 1 

6-90 

6*23 

6 - 25 

G-20 

7- 66 

7 03 

7-05 

6 '92 

7-34 


Oil 

Percentage, 


M'26 


1-1'24 


Oil Percentage 
on the dry 
substance. 


Sg § 


•2 1-^ 
^ 1 1 
.S o 2 
i di 
-2"^ § 


in - 15 


'N’'\ 

I 


WOODHOUSE AND TAYLOR. 


147 


Table V — contd. 


Nitrogen 

percentage, 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

6' 63 

13‘SG 

16 14 

7-07 



6-61 



6 86 

13-38 

10-50 

6-80 

13-62 

15-80 

7-30 

13 -96 


7-19 

13-28 

15*02 

7-G7 

11 “70 

12-72 

7-01 



{)-57 

13“50 

15-18 

7-40 

14-30 


6-97 

14-38 


7*00 

13-88 


7-29 



6-22 



6'69 
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Table V — coiitd. 


No. 

Nitrogen 

percentage. 

on 

percentage. 

Oil percentage 
on the dry 
substance. 

Remarks. 

E—l 

P-32 

6-58 




E— 1 

P—33 

6-51 




i|f 

7-35 

14-06 



E— 1 

P-35 

6 11 

15-38 



E— .1 

P— 3(i 

041 




E— 1 

P—37 

742 




E— 1 
■p-^ 

6-61 




E— 1 

P—39 

6-10 

14-22 



B— 1 

P—40 

6*65 




E— 1 

P—41 

6-29 




E— 1 
'42 

6-43 

15-10 



E— i 

43 

6-20 

14-22 



E— 1 

44 ■ 

6-61 

13-94 



E— 1 

'■"45 

7-28 

’ 12-60 



E-1 

‘46' 

6-55 . 

16-28 



E— 1 
■“4 7 

6-78 

12-82. 

i' 
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% 

No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage, 
on the dry 
substance. 

Eemarks. 

E-1 

48 

6-75 

12-76 



E-1 

49 

6-46 

13-54 



E-1 

50 

7*09 

14-02 



E-1 

51, 

6-43 

13‘04 



E— 1 

"■ 52;~ 

7-03 

15-08 



E— 1 ' 

• 53 

6*23 

15-24 



E-I 

~54 

• 6*48 

12-40 



E-1 

55 

6 33 

14-56 



E-1 

56" 

Spoilt 

13-50 



E— 1 

. ' 57 ' 

6>71 

11-74 



E— 1 

58 

5-86 

13-66 



E-1 

69“ 

6‘11 

15-06 



E-1 

60 

6-32 

13-52 



E— 1 

61 

6-25 

13-02 



E— 1 

62 

6-25 

14-06 



E— 1 

63 

6-25 

13-62 
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Table V — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentag 
on the dry 
substance. 

Remahics, 

E— 1 





P-.32 

6-5S 




E-1 





P—33 

6-51 




E— 1 





P—34 

7 35 

14*06 



E—l 

P™35 

611 

15*38 



E—l 

P — 3() 

6 -41 




E—l 

P—37 

7'12 




E—l 

P—38 

6'61 




E—l 

P—39 

6i0 

14*22 



E—l 





iP— 40 

6*55 




E—l 





pZTIT 

0-29 




E—l 





42 

6*43 

15*10 


X 

E~1 





43 

6-20 

14*22 



E-1 

■ .14 

6-61 

13*94 



E-1 

Irr 

7*28 

12*60 



E-i 
■~46 ' 

6-55 

16*28 



E-i 





"47~' 

6*78 

12*82 

1 
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Oil percentage 
on the dry 
substance. 


Nitrogen 

percentage. 


Oil 

percentat 
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No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil perccntiigt 
on the dry 
substance. 

Bkmabk.s. 

E— 1 

64 

6-66 

13-62 



E-1 

(i5 

5-95 

14-86 



E— 1 

06 

0-76 

13*48 



E— 1 
' 07 

7*03 

i 1310 



E— 1 

OS 

0-73 

12-82 



E-1 

69 

:,6*87 

13*30 



"70 

6*53 

14-02 




E-1 

71 

6*37 

12-88 



E— 1 

72' 

7*19 

1333 

1 ■' 

j 


B~1 
73 

7*06 

12*85 

14*69 j 


B— 1 

74 

0*46 

13-20 



E-1 

75 

6*46 

13*58 i 



B— 1 1 

Tr -I 

6*74 

12-90 1 



E— 1 1 

Spoilt 

1 

13*14 i 

15*24 


E— 1 
"78 

6-21 

13*28 

15-50 


E— 1 

79~ 

I 

13*48 

15*50 
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Table V — contd. 



d 
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Table V — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

RiaiAUKS. 

E-1 

T12 

7-00 

13-42 

15-40 


E— 1 

113 

7-05 









E — 

IT 4 

6-47 




E~1 

115" 

701 




E-1 

116 

7-14 




E-1 

Tif 

7-03 

13-38 

15-52 


E-1 





118 





E— 1 
llF" 


1416 

16*20 


E— 1 

120 

7-34 




B-1 

121 

7-13 




E— 1 

T22 

6-82 




E— 1 

Il3 

7*37 

15*82 



E— 1 
"124 

6-80 




E— 1 
"125 

6-72 




B— 1 

126 

6-96 




E— 1 

l27 ■ ■■■ 

7*09 
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Table V — condd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

Remarks. 

E—l 

144 

6-48 




E~1 

145 

7-20 




E~1 

6-93 




146 




E- 1 
147 

6 ‘8 2 


.... 


E—l 

G'69 




148 




E—l 

140 

6-58 




E~1 
l50 ■ 

6 -61 





Table VI. 


Detailed remits obtained in 1911 ’with 150 samples of yellow 
soy beans {Type 3). 


E-J 
1 ' 

E.~~3 

*2 

E.-3 



E— 3 
4 


E— 3 


Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

5 '7 8 

17-30 

19-60 

5-82 

16-58 

18-78 

5-99 

17-34 

19-57 

5-46 



5-60 

16-64 

19-04 


llEMAKKS. 


The oil content in 
the dry substance 
was calculated 
but was found to 
make no differ- 
ence to our 
conclusions. In 
, consequence, the 
actual percent- 
age.s observed on 
the undried sub- 
.stance have been 
used in the letter- 
press. 
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Table VI — contd. 


No. 

Niti'Oifeu 

pcrcontage 

Oil 

percent age. 

Oil [)e)’(!(!n(.af 
I on till! dry 
Kiibslaiice, 

E-3 

- g - 

5 ’52 

17-22 

19-68 

E--3 

7 

5-76 

16*98 

19*38 

E--3 

8 

5'34 

16-S4 

19*29 

"ff 

r)’7t> 

16*78 

18-95 

If) 

5-53 



E™.3 

ll 

5-74 

1 6 ’60 

18-72 

B— 3 

12 

5 -7 (5 



E-3 

13 

5-41 

17-06 

19-17 

E~3 

14 

ri-iii 



E— 3 
15 

5*70 

17-25 

19*116 

E-3 

If) 

5*57 

17-38 

1 9-84 

E-3 
17" 

5*54 



E-3 
IS 

5*64 



E— 3 

-jg- 

5*54 



E~3 

'20 

5*74 

17-02 

19*33 

E— 3 

•21 ••• , 

5*39 

18*12 

20-45 


'i’he oil c»tiit>eiDi in 
iJiO ill'}’ Hiiliat.aiHH* 
was calculat.od 
but. was I’oimd to 
make, no differ 
once t.o our 
concluHions. In 
consequence the 
actual percftiit- 
obHorved on 
the umiricd mu!) 
.stance liavo been 
u.sed in t.he hitter- 

prcKS. 
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Table VI — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the <lr 3 ' 
sub.stance. 

1 RlSMAElCri. 

E— 3 

22 

5-80 




E—3 

23 

5-41 




B — 3 

24 

5-68 




E--3 

25 

5-38 

17-30 

19-84 


E--3 

■ 2(r 

5-57 

16-90 

19-33 


E 3 

27 

5-58 

17-54 

19-66 


I5.„3 

5 92 

17-56 

19-77 


E 3 

5-56 

1 

17-46 

19-65 


E--3 

“30' 

5*82 

18-06 

20-29 


E -3 

31 

5-76 

17-26 

19-18 


E--3 

32 

5-63 

16-74 

19-05 


E -3 

33 

6-14 

17-78 

20-10 


E-~3 

5-74 

17-68 

19-92 


E— 3 

35 

5-64 

15-76 

17-92 


E— 3 






5'75 




E~-3 

5-75 

15-26 

17-54 
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Table ’V I — could. 


No. 

NiD’ogon 

porcentage. 

Oil 

percentage. 

Oil pereeiitiigc 
on tlic. dry 
subatance. 

E-3 

38 

5-83 



E— 3 

■39 

5'64 

14’68 

10-77 

E— 3 

40 

5-37 



E_3 

41 / 

5 ’78 

ICi’OO 

ID -06 

E-3 

5 ’BO 



E~-3 

43 

5‘98 

16‘81 

18*95 

E~-3 

" 44 '” 

5 06 

Kl’tiO 

18’70 

E--3 

"■~Tf 

5 ’42 

l(r5(> 

18-74 

E.-.3 

“4ir 

5’27 



E— 3 

- 4Y 

5*87 



E-,.-3 
48 

5-85 

15’22 

17- 24 

E— 3 

Ti) ■ 

5-89 



E.-3 

50 




E— 3 

51 

5-46 



E--3 

52 

5-29 

16-08 

18‘24 

E--3 

63 

5-59 




BEM A RIviS. 
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Table Yi^^ conhl 
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Table VI — contd. 


No, 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

11 EM AKKS. 

E-3 

86 

4-96 

17-76 



E-3 

87 

5-46 




E-3 

88 

5 '75 




E— 3 
'89 

5-74 




E— 3 





90 

5 '17 




E-3 

91 

5-68 




E~3 
' 92 

5-84 




E~3 

'or 

5-47 




E-3 

94 

5'92 




E-3 
■ 95 

5-43 




E-3 

96 

5-50 




E— 3 

97 

5'79 




E— 3 
'98 

5'74 




E— 3 

99 

5-65 




E-3 

IW 

5 ■82 

15-96 

17-74 


E— 3 

loF 

6'18 

]6'12 
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SOY BRANS IN BENGAL, BIHAR AND OIMSSA, 


Table VI — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percen tage. 

Oil p»jrceitla''r 
on Mio ilry 

Bubstiinci'. 

E-3 

102 

5-45 



E--3 

T63 

6*01 

17*82 

20*09 

E— 3 

"lor 

5-50 

16*90 

19*03 

E— a 

T65^ 

553 

15*60 

17*52 

E— 3 
lOG 

6-64 



E-3 

107 

5*46 



E-3 

■fos' 

6*04 

1()*14 

1S»97 

E— 3 

109' 

5*41 

17*48 

18*27 

E— 3 

no 

• 5-65 



E-3 

in 

5*67 



E— 3 

UT 

5*62 

17*46 

19*02 

E— 3 

113' 

5*34 

16*60 

18*11 

E— 3 

114 

5*91 

16*78 

18*27 

E— 3 

115 

5*09 



1-3 

T16 

5-89 



E-3 

1T7' 

5*43 

17*76 

19*95 
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Table VI — contd. 


No. 

Nitrogen 

Oil 


percentage. 

percentage. 




5-63 
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Table YII. 

oMained in 1911 with 152 samples of ehoeolate 
soy beans {Type 4). 


JNitrosien percentage 

percentage. percentage. on the dry 1 

substance. 




19'88 The oil content in the 
dry substance was 
calculated, but was 
20-00 found to make no 

difference to our 
conclusions. I n 
18-62 consequence the 

actual percentages 
observed in the 
20-75 undried sub.stance 

have been used in 
the letter-press. 
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SOY BEANS IN BENGAL, BIHAR AND ORISSA. 
T A BLE VII — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

I t If, MARKS. 

E--2 

16 

Spoilt, 

16-34 

18-61 


E-2 

5-24 




17 




K— 2 

JQ 

6-00 

15-60 

17-61 


E-~-2 
"Ty 

5*G8 

16 -40 

18-52 


E-2 

20 

5-36 

17-08 

19-12 


E— 2 

5-65 




E— 2 

5-44 

17-26 

19-39 


E-2 

23“ 

5‘44- 

16-56 

18-68 


E-2 
24 

5-49 

17-62 

19-95 


E— 2 

25 , "■ 

5-77 

16-58 

18-78 


K— 2 
“26“ 

5-G8 

17-40 

19-64 


E— 2 
■ . 2 ^- 

6'10 

16-70 

18-86 


E— 2 

28 

5'57 

15-20 

17-7 


E— 2 

29 

Spoilt, 




E— 2 

___ 

5'35 

16-06 

18-27 


E— 2 

4*98 




31 
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r 



1 

Idle VII- 

- contd. 

No. 


Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 


E~2 






32 


5'18 

17 30 

19-51 

■ 'Vi ■' : ■■■'■ 

E— 2 





■ ■■■ 

~W 


5-64 

17 -20 

19-20 

i 

E— 2 





* 

34 


5-59 

16-90 

19-00 


E-~2 

w 


533 

IG 66 

18-58 

'■ '» '■ 

E 2 






"3^ 

... 

G12 

17-30 

19 07 


E— 2 





! 

37' 


5 -44 

7-50 

19 92 

V f:. 

E-~-2 





'1, 

~"3« 


5-21 

lG-94 

18-91 


E— 2 








5-96 

17-22 

19-17 


E-2 






■ 40 


5-34 

16-G8 

18-54 


E 2 






"TF 


5*98 




E-2 

'“IF 


6-08 

17'54 

19-55 

? ~ 

E-2 






13“ 


5-44 




E— 2 






"'1I“ 


5-24 

17-72 

20-21 

» 

B— 2 






' 45“ 


5'49 

17-08 

19-56 


E— 2 






___ 


5 47 

17-47 

19 91 







. »■ ^ 

. E— 2 

■ 





"47“ 

...| 

5-39 
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Tarle VII — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage. 

Oil percentage 
on the dry 
substance. 

Bemauks. 

E-2 

___ 

5-62 

17 20 

19-49 


E— 2 
65' 

5 35 

16-68 

18 81 


E— 2 

66 

6 -06 

17 02 

18-60 


E- 2 





67 





E— 2 
"rlfT 

5 61 

16 80 

18-94 


E -.2 

6<)'' 

5 38 




E 2 

5-8 1 

16-28 

18-63 


E 2 

- 

6 0! 

16-30 

18 66 


E— 2 

72'"' 

6-25 

17-70 

19-43 


E 2 

“tir 

5 9-|. 

17 00 

19-04 


IC— 2 

74‘" 

5*42 




E-- 2 

'yg-- 

5-89 

16-76 

18-78 


E--^.2 

76 

5-41 




15 2 

77 

5-93 ^ 

16-6.6 

19-25 


E--2 

78 ' 

4-97 




E~2 

-yy- 

5-87 
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SOY BEANS IN BENGAL, BIHAli ANI> ORISSA. 


Table Yll— contd. 


No. 

Nitrogoij 

percentage. 

Oil 

})erccntage. 

Oil {tercel Huge 
<in the, dry 
Hubslance. 

ivMM AlsKS. 

E— 2 






5-95 

18-68 

21-46 


E— 2 

81 

5-73 

18-18 

20-96 

powder car- 




riot! over.) 

E 2 





82 '■ ' 

4-83 

19 30 

21-11 

Dry, analy.sod in hot. 




weather. 

E— 2 

83 

5-07 

19-4 4 

2 111 


E— 2 

Si" 

5-63 

16-81 

19-32 


E-2 

5.77 




85 





E.-~-2 

86 

4 -OS 

19 38 

20-82 

I)ry, analyfiod in hot, 

i 



wt“aih<‘r. 

E ~-2 

5*33 




' 87 ' 




E -2 

■"88 

5-35 

17-20 

19-61 


ji; 2 






5-30 




E_2 





" 1 ) 0 " 

5-16 

18-06 

20 66 


E-2 

21 1 

5-89 

17-86 

20 4 1 


E 2 


1 



92 

5-56 

17-12 

! 19 89 


E — 2 

03 

5 80 

16-80 

19- 4 6 


E— 2 





• 94 

5-66 

17-38 

19 73 


E~2 





“95 

5 -89 

' '■■■■■ 1 
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Table VII — contd. 


No. 

Nitrogen 

percentage. 

Oil 

percentage, 

Oil percentage 
on the dry 
substance. 

Rkmaeks. 

E_2 

6-04 

1572 

17-86 


E-2 

97 ' 

5-81 

16-98 

19-23 


E-.2 

'98 

5-93 




E-2 
99 

601 




E-2 

foo 

5-21 




E— 2 
idT 

Spoilt. 




E-2 

102 

5-41 




E-2 

103 

5-72 




E-2 

l04 

5*49 




E-2 

105 

577 




E-2 

10(5 

5-58 




E-2 

iOt 

573 




E— 2 

108 

5-66 




109” 





E— 2 

110 





E~2 

■'111 

5-24 
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SOY liEAIS'S IN BENGAL, BiflAU, ANI» OMISSA. 


Table V\l- coiUd. 
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Table YllL 


Life pet'HxL of Bengal Varieties of Soy Beans groiun in Bengal, 


Var 

ety. 

Whei-e grown. 

Date of 
planting. 

Date of 
harvesting. 

Life period. 


Type 1. 

Late! 

Sabonr 

June 

3, 1910 

Dec. 20, 1910... 

200 days 



black seed. ! 











9, 1911 

Dec. 19, 1911... 

193 „ 






July 12, 1911 

Dec. 1,5, 1911... 

156 „ 





Bankipur 

June 

1, 1911 

Nov. 24 to 30, 

177—183 

lays 







1911. 





Dumraon 

July 

0, 1911 

Dec, 28, 1911... 

171 days 





Oiittack 

.June 

.2, 1911 

Jany. 1912... 

210 „ 





Cbinsuvn 

.. 10. 1911 

Dec. 25, 1911... 

199 „ 


on clay 









loam. 



,, 

July 

1,1911 

Dec. 28, 1911... 

181 „ 


on loam. 

Type .1 d 


Kalimpong ... 

June 

15 to 

Nov. 16 to 

132-17(1 

lays 





July 

7, 1911 

Dec. 2, 1911. 




Type l>. 

Earl y 

Sabonr 

July 

12, 1911 

Nov. 26, 1911... 

137 day.s 



black seeil. 







Tyi^e ;5. 

Yellow 


June 

3, 1910 

Dec. 22, 1910... 

202 „ 



seed. 











M 


9, 1911 

„ 19,1911... 

193 „ 






July 

12. 1911 

„ 20, 19U... 

161 „ 





Ohiiisnra 

June 

10, 1911 

„ 25,1911... 

199 





>) 

July 

1, 19U 

„ 28,1911.. 

ISI „ 



Type 

1. Yellow 

Sabonr 

12, 1911 

Nov. IS to 

129-156 

day.s 


seed. 





Deo. 15, 1911. 





Kalimpong ... 

June 

1.5 to 

Nov. 1(5 to 

132-170 

days 





1 July?, 1911 

Doc. 2,1911. 



Type 4. 

OhoGO- 

Sabour 

Juno 

3, 1910 

Doc. 22, 1910... 

202 days. 



late seed. 









,, 

.June 

9,1911 

Dec. 19, 19U.., 

193 „ 






.July 

12, 1911 

Dec. 20, 1911 .. 

161 „ 





Bankipur 

.Tune 

1,1911 

Nov. 24 to 30, 

177-183 

days. 







1911, 





Dumraon 

July 

10, 1911 

Deo. 26, 1911... 

169 (lays 





Outtack 

.Tune 

12, 1911 

Jan. 7, 1912 .. 

210 „ 



Type 4 A . Pal e 
chocolate. 

Sabour 

July 

12. 1911 

Nov. 18 to Dec. 
13, 1911. 

129-154 

days. 




Kalimpong ... 

June 

1,5 to 

Nov, 16 to Deo. 

132—170 






July 

7, 1911. 

2, 1911. 




Type .5. 

Barmeli 

Sabour 

July 

12, 1911 

Nov. 18, 1911... 

129 (lay,s. 




Kalimpong ... 

.June 

27, 1910 

„ 15, 1910 .. 

Ill „ 





,, 

June 

1,5 to 

,, 16 to Dec. 

132—170 

days. 





July 

7, 1911. 

2, 1911. 



Type G. 

Nepali 

Saboui’ 

July 

12, 1911 

Oct. 30, 1911 , 

111 days, 




Kalimpong ... 

.June 

2, 1910 

„ 6,1910 ... 

126 „ 





” 

May 

10. 1911 

,. 16,1911... 

159 „ 




- '‘ 1 ; 

frf f UBFIA»Y. ; ' \ 




Plate ! ... 'J'yP'* * 

Plate li . TyP'' 


Plate in ... 'i’yp*^ 

Type! 1 1 i X 


Plate IV ••• 


hlH'l' IMiA'rWB. 

•J8, U)U. 

Uclolwr .■ 

M. A', -Sonw l.'»vo» lu»v.. b»... f •.bow 

the. luiiiiher of P"<ls foruitnl 
I^epiUi variety on hift. ^ 

Upright Ion- bra.n«!uHl greeny yellow Heede.i 

variety on right. 

Rurehnt viirioly— pliot>.gmpl»!.l, ( K.tot.i.r 30. Ol 1- 

IfJl-'nu- oreot »«>!» io 

one metre. 
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PiSaa^dncIndins Koporf o, the 
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Report ol the 
(-elndin* Eeport o, the 

Report on the Progress of Agriculture in India for the years 1907-09 Price, A.s. 6 or Id 

Report on the Progres.s of Agriculture in India for the year 1909-10. Price, As. 6 or Id 

Report on the Progress of Agriculture in India for 1910-11. Piico, As. 12 or Is. M 
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Vol. I, No. I. Studies in Root Parasitism. The Haustoriuin of Sankilum Album— 
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Vol. I, No. HI. Fungus Diseases of Sugarcane in Bengal by E. J. Bctlek, m.b., p.i.,s. 
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M.B., p.L.s. Price, Rs. 4-S. 
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D.sc. ; and 0. M. Hutchinson, b.a. I^rice, R.s. 4. 

Vol. II, No. I. Some Diseases of Cereals caused by Sderonpom (hutniinwoht by E. J, 
Butler, m.b., p.l.s. Price, Re. 1-8. 

Vol. II, No, II. The Indian Cottons by G. A. GamBiie, f.l.s. l^riee, Rs. 7-S, 

Vol. II, No. III. Note on aToxic Sub.stance exei’cted by the Roots of Plants by F. Flet- 
cher, M.A., B.sc, Price, Re. 1-8. 

Vol. II, No. IV. Studies in Root Para.sitism III. The Haustorium of Olax Semtdms by 
C. A. Barber, m.a., p.l.s. Price, Rs. 2-8. 

Vol. II, No. V. Studies in Root Parasitism IV. The IlaiLstoriuni of Canujm-a lUimdii by 
0. A. Barber, m.a., p.l.s. Price, Rs. 2-8. 

Vol. II, No. VI. Some Experiments in the Hybridising of Indian Cottons l>y F. F. Fyson, 
B.A., E.L.s. Price, Eo. 1-8. 

Vol. II, No. VH. The Varietal Characters of Indian Wheats by Albert HowarI), M.A,, 
A.R.O.S., F.L.S.; and Gabeielle L. C. Howard, m.a. Price, Re. 1. 

Vol. IT, No. VIII. The Mulberry Disease caused by Gorymum Mori, Nom. in Kashmir, with 
notes on other Mulberry Disease.s by E, J. Butleh, M.b,, F.l.S. Price, 
Re. 1-8. 

Vol. II, No. IX. The Wilt Disease of Pigeon-Pea and the Fara-sitism of Nmmmnonpora 
Vasinfecta, Smith, by E. J. Butler, m.b., f.l.s. Price, Ms. 3. 

Vol. Ill, No. I. Studies in Indian Tobaccos, No. 1. The types of Nic.otiana Itmiioa, L,, 
Yellow Flowered Tobacco by Albert Howard, a.k.c.e., f.l.s. ; 
and Gabrielle L. 0. Howard, m.a. Price, Rs. 4. 

Vol. Ill, No. II. Studies in Indian Tobaccos, No. 2. The Types of Nic.otiana Tahaanni, 
L., by Albert Howard, M.A., a.r.c.s., f.l.s.; and GABiaiiLLE L. C. 
Howard, M.A. Pince, Rs. 9. 

Vol. Ill, No. III. Studies in Indian Fibre Plants, No. 1. On two varieties of Sann, Crofafa/iVi 
Juncm,li., by Albert Howard, Ar.A,, A. R.C..S., f.l.s.; and Gabrielle 

L, 0. Howard, m.a. Price, Re. 1. 

Vol. Ill, No. I V. The Influence of the Environment on the Milling and Baking Qualities of 
Wheat in India, No. 1. The Experiments of 1907-08 and 1908-09. By 
Albert Howard, m.a., a.r.o..s., p.l..s. ; H, M. Leake, m.a., f.l.s. ; 
and Gabrielle L. O. Howard, m.a. Price, Re. 1-8. 

Vol. Ill, No. V. The Bud-Rot of Palms in India by E, J. Butler, m.b,, f.l.s. Price 
Es. 2. 

Vol. Ill, No. VI. The Economic Significance of Natural Cross-fertilization in India by Albert 
Howard, m.a., a.r.c.s,, f.l.s. ; Gabrielle L. C. Howard, m.a., and 
Abdur Rahman Khan. Price, Rs. 4-S. 

Vol. IV, No. 1. Millets of the Genus iSeto'ia in the Bombay Presidency and Sind by G. A. 

Gammie, F.L.S., Imperial Cotton Specialist. Price, Re. 1. 

Vol. IV, No. H. Studies in Indian Fibre Plants, No. 2, on some New Varietit's el' IfibiHcna 
Cannabinus, L., and Hibiscus Sabdariffa, L., by Albert Howard 

M. A.,A.K.c.s.,P.E.s.;andGABRiELLEL. '0. Howard, M.A. Frico, Ks. ’ 


Vol. IV, No. III. Notes on the Incidence and Effect of Sterility and Oroas-fertilization in 
the Indian Cottons by H. M. Leake, m.a. (Cantab.), f.l.s. ; and Ham 
, Pershad. Price, Re, 1. 
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Vol. 

IV, 

No. 

IV. 

Vol. 

IV, 

No. 

V. 

Vol. 

IV, 

No. 

VI. 

Vol. 

V, 

No. 

I. 

Vol. 

V, 

No. 

IL 

Vol. 

V, 

No. 

III. 

Vol. 

V, 

No. 

IV. 


Note on the Inheritance of Red Colour and the Regularity of Self-S'er- 
tilization in Gorchorus eapsutaris,— the common Jute Plant by 
I. H. BlTRKiIiL, Bi.A., and B. S. Finlow, b.sc., I'.c.s. Price, Re. 1, 

Observations on Certain Extra-Indian Asiatic Cottons by H. M. Leake, 
M,A., f’.L.s. ; and Ram Pershad, Asst, to the Economic Botanist, TJ. P. 
Price, Re. 1-8. 

The Morphology and Parasitism of Bhizoctonia by F. J. F. Shaw, b.sc,, 
A.B.O.S., F.L.s. Price, Rs. 2. 

The Inheritance of some characters in Wheat— I, by A. Howard, m.a., 
A.R.C.S., P.L.s. ; and Gabriellb L. 0. Howard, m.a. Price, Re. 1. 

The Influence of the Environment on the Milling and Baking Qualities of 
Indian Wheats No. 2, The Experiments of 1909-10 and 1910-11, by A. 
Howard, m.a., a.r.c.s., p.l.s. ; Gabriellb L. C. Howard, m.a., and 
H. M. Leake, m.a., p.l.s. Price, Re. 1. 

The Varieties of Soy Beans found in Bengal, Bihar and Orissa and their 
Commercial Possibilities by B. J. Woodhodse, m.a. ; and 0. S. Taylor, 
b.a. Price, Rs. 2. 

On Phytopthora Parasitica Nov. spec, by J. F. Dastur, b.sc. (In the press,) 


Vol. 

I, No. 

I. 

Vol. 

I, No. 

II. 

Vol. 

I, No. 

III. 

Vol. 

I, No. 

IV. 

Vol. 

I, No. 

V. 

Vol. 

I, No. 

VI. 

Vol. 

I, No. VII. 

Vol. 

I, No. VIII. 

Vol. 

I, No. 

IX. 

Vol. 

I, No. 

X. 

Vol. 

II, No. 

I. 

Vol. 

II, No. 

IL 

Vol. 

II, No. 

HI, 

Vol. 

II, No, 

IV. 

Vol. 

n, No. 

V. 

Vol. 

II, No. 

VI. 


CtlEMICAL SERIES. 
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ON PHYTOPHTHOEA PARASITICA NOV. SPEC. 

A NEW DISEASE OF THE CASTOR OIL PLANT. 


JEPIANGIR FARDUNJI DASTlTlrl, B.So., 

1 ‘ 19 'st Assistant to the Imperial Mycologist. 

Introduction. 

Ihe castor oil plant {Rioinus communis, L.), a native of India, 
according to some botanists and according to others a native of 
Abyssinia and Tropical Africa, is largely cultivated on account of its 
multifarious uses not only in India, but also in South United States, 
Southern Africa, Tropical Africa, Algeria, Sicily, Southern France, 

. lazil, Java, West Indies and other tropical and subtropical regions. 
In India, and elsewhere the castor oil plant is generally grown as 
a field-border and as a mixed crop but rarely as a sole crop. 
The plant is extensively cultivated in Surat, Alimedabad, Dharwar 
and Belgaum in the Bombay Presidency. In the United Provinces 
castor is more or less grown everywhere, especially in Allahabad, 
where it occupies as a sole crop about 1,200 to 1,300 acres, chiefly 
along the banks of the Jumna. In the Madras Presidency it is 
widely in cultivation, especially in Salem and Bellary. In Bengal 
not much castor is to be found. In Assam it is never cultivated as 
a chief crop but in almost every ryot’s garden small areas are allot- 
ted to it. The products of the castor oil plant, on account of their 
varied uses in industry, agriculture and the arts, are of great econo- 
mic importance. The oil obtained from its seed, the castor oil of 
commerce, is in great demand. Though a large part of India’s 
produce is locally consumed, still in the year 1910-11 India exported 
1,203,007 gallons of the oil, worth Rs. 1,690,455 and 2,148,033 cwts. 
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of H(iC(l worl-li Rs. 1(5,499,640. Tko oil is jrrx'ivlJy iis(.‘.(l in. I lie nuiiuiliio 
liuxi of the famous Tvirfey-rcd. Again, its nuMlknl projHn’lii'.s s(h.iii-o. 
foi,‘ it an. extensive trade. In many paiis ol India it is us(m 1 as a 
luminant as it gives a bright smokeless ligld . tlsixH-iaJly .m Austra,- 
lia and some other places it finds a wide use as a lidjricant. .it is 
also employed for dressing tanned hides and skins. The castor 
oil- cake is an important constitutent of manures. In Assam, tlu' 
plant is cultivated for feeding the m-silk worm on its leaves. Ilie 
growing cottage eri-silk industry will necessitate its wider cultiva- 
tion for this purpose. 

Tliougli the castor oil plant is so widely distributed still no 
important fungus pest, except tli.e rust,' luis been ^•ocordcd as 
attacking this crop; it has been considein.d to 1)0 (X)niparat.ively free 
from fungus enemies, and. yet two serious ]) 0 sts occur at Pusa. 
(’)ne is PhytofMhom parasUiea nov. n'pec., tlie otlier a species of 
Gm'ms'pora. The latter is (ionfinod only to leaves u.nd so does not 
prove fatal to tlie plant, hi wet weather this disease .is a serious 
menace to tlie cultivation of tbis crop for the cr/i-silk industiy, 
as about nin(?ty per cent, of the leaves of old. and young pla.nts are 
sometim,es covered all over with Cercmpora spots. To a greater 
or less extent this disease is present all the year round. 

In the wet months of August and S(‘.pteniber Chmncpliora 
attacks leaves, growing points and tender shoots. This parasde 
sets up a rot in the a/ffected parts. 

There is also an Allernmia found occurring on the leaves which 
might be parasitic. 


All these diseases will be dealt with in another iiapei* when their 
study is completed. 



PJn/tophthora on castor was first found at Pusa in the year 1909 
in August. Since then it has been fouml apjiearing I'very yea,i- about 
the end of June, after the rains liave set in. Last y< an* (19!^) ii 
appeared as early as June on account of tlie fnapient showers of 


’ Ajrokar, S. ij. The Castor rual {'i A! eht in fmrdla /{icini, do Toni). .Innr. I'nttihay N.it 
IliaC Soe. 1012, p. 1092. 
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rain. \v(?. had in and May. The disease disappears by the }.)egiii- 
}iing of September, at the end of the rains. About nineteen varieties 
were grown on the Piisa Farm in 1911, but none of them escaped tlie 
attack of this fungus, not even the indigenous Patna variety. 

In no paper deahng with castor cultivation except in one ha-s 
any reference been made concerning the high mortality of the 
seedlings or concerning the characteristic brown leaf spots found 
on leaves of young and old plants. 

Darrah* reports that in the year 1889 a very large number 
of young castor plants, even those from the indigenous Cachar 
seed, had damped off ” on account of damp and excessive rain. 
Mr. Mackenzie, who was in charge of the crAsilk experiments, 
observed that the seedlings damped off and died “ before they 
matured a sufficiently hard skin or bark on their stems.” 

This damping off of seedlings in water-logged places is what I 
have found on the Pusa Farm to be due to Phytoflithora farasitica. 
In all probability therefore Phytoflithora was the cause of the large 
destruction of castor seedlings of Mr. Mackenzie’s crop in 1889. 

This parasite is the most injurious of the fungal parasites of 
castor ; it destroys seedhngs and attacks leaves of older plants. 
My thanks are due to Mr. M. IST. De, the Sericulture Assistant at 
Pusa, for carrying out experiments to see the effect of feeding erAsilk 
worms on leaves attacked by Phytoflithora. He informs me that 
the worms refused to eat the diseased portions of the leaves, and 
that their growth when fed on diseased leaves was very slow as 
compared with those fed on healthy leaves. 

In the case of a monsoon (Kharif) crop the most critical period in 
its life history is when the seedlings are about six to eight inches 
high. a,nd when their stems are quite tender. In low-lying water- 
logged and badly drained fields about thirty to forty per cent, 
of the seedlings damp off. The first indication of the disease is 
the appearance of a roundish patch of an unhealthy {lull green 
colour on both the surfaces of a cotyledon. It soon helplessly 

‘ Uavrah, J[. Z. The ^rj-silk of Assam, 1890, p. IS, 
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liiingK down from its point of attachniont. Tla*, <lis(‘asc sproads .from 
the loaf to tlui petiole, theiuui to tlie, stian and tlu^ ,<*;i‘o\vstio' f)oii!i, 
killing til e seedling. In older plants the dist'ase in ih(‘, held is 
localised on tlie lamina or leaf-blade. As the disi'ased spot gets oide.!* 
it turns yellowish and then brown, it spreads e-onceid I'ically, and in 
old spots forma concentric brown i*ings enclosing lighter brown areas 
(Idate I). They arc surrounded on the upper surface by a yeilowisli 
green or dull pale green ill-defined border. On the under surface 
the old spots have a brownish grey and ill-delined boi'der which is 
I'clieved occasionally with very minute white speehos. The brown 
centraJ portion of the spots is always viuy sha.iply coidourc'd. 'The 
disease.fl areas eith(;r remain isolated or become conllinuit, often 
covering almost th<‘, wlioh'. of tln‘ leaf. 1 n casi; of conlluenl sj)ots ifu' 
successive periods of their growtli a,i’iniot maiifc'd hy concent rh'- rings 
but by wavy niargius of dilTei’ent shades of bi'own. The spots art*, 
not limited by the main ribs, even in. tlie eas(*. of lug mature leaves. 
The diseased leaves have a tmideiiey to fa.ll off preiiuiturely. (Irow- 
ing points and leaf-bnds of j^laiits of all age:s a.re j)rot(‘ct<‘d from the 
external invasion of the disease by the waxy sheat hing sti})nios 
which coniplctely cover them. Petioles of big hsivi'S, stems with 
thick cpidennis, tloAvers and fruits, liave laam fount! till now in 
nature to be iinmimo from. tJie ravages of tiie fungus. 

On, the under surface of the leaf is scfui, with the aid of a, pocket 
lens a sparse wliite web of threads origimiting from the unhealthy 
green coloured portion <d! tlie diseased s])()t-. T1 h's<.‘ a, re the long 

and unbraiiched. sporangiophores, measnritig from 85 to over 500,«, 
as a rule .100 to 8()0ya. They emerge from within the leaf as a rule 
through stomata or between the cell wails of two contiguous 
cells (Plate .U, Pig. 1). Tliey have been occasionally found to niaioi 
their way out by breaking through tlie upper wall of tiie e])i(l(‘)‘mis. 
They make their exit from the leaf singly, rarely in tavos or tiLre(\s 
but never in clusters. 

In the petiole and stems it is a purely physical mattcu' for tlu^ 
hypha to make its way .out of the tissues, dust underneath the 
upper wall of the epidermis the hypha swells into a globuhir luiud and 
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under its pressure the wall gives way (Plate II, Fig. 6). In, petioles 
and in stems the hypha emerges singly as a rule, as in the case of 
leaves, but occasionally a cluster of four or five have been found to 
come out from the same point (Plate II, Fig. 7). 

The mycelium within the tissues is both intracellular and 
intercellular. Wherever an intracellular hypha passes through 
a wall there is invariably a constriction of the hypha (Plate II, Fig. 2). 
Haustoria are very scarce. Hartig^ has described them to be button- 
shaped in Ph. Fagi {Ph, omnivora de Bary), Coleman'^ finger-shaped 
in Ph. omnivora, var. Arecce, KlebahiP short thick and finger-like in 
Ph. Syringm and Ph. omnivora, while de Bary says, ‘‘ Bestimmte 
Haustorien sind nicht vorhanden ” but in Ph. parasitica 
both finger-shaped and button-shaped haustoria have been found 
(Plate III, Figs. 2 B and 3) ; they branch very rarely. Whether these 
bodies which we call haustoria are true haustoria or the initial stage 
of branches of the intracellular hyphse arising from the intercellular 
mycelium remains an open question. No cellulose cap has been 
observed at the tips of these finger-like or button-shaped bodies 
which would leave no doubt as to their identity. In Plate III, Fig. 
2, A is distinctly a branch of the intercellular hypha but B may be a 
haustorium or a branch like A in a very early stage ; but, on the 
other hand, in Plate III, Fig. 4, A appears to be a branched 
haustorium, 

Whe.n a diseased petiole or stem is cut transversely, the ring of 
fibro-vascular bundles becomes prominent by its black or brown 
colour on account of the fungus choking the vessels (Plate II, 
Fig, 2). Ph. omnivora de Bary and Ph. omnivora, var. Arecce Coleman 
have been known to attack the vascular bundles. The liyphse of 
Ph. parasitica enter and leave the vessels of the fibro vascular 
bundles through their unthickened portions. The hypha 
at the point of entrance or exit generally swells, the thin 


, ’ Harfcig, R. Unfcersuchungen aas clem forstbotanisehen Institut zu Miinclien, 1880, p. 41. 

^ Colehiail, L. 0. Diseases of the Areca Palm. Dept, of Agrie., Mysore State, Myc. Ser. 
Bull. No. 2, 1910, p. 82. 

8 Klebahn, H. Krankheiten des Pliedors, 1909, pp. 42 and 43. 
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iiii',ii).bran.ou.s gives way, possibly iimlci: pnissui-e and iii(‘ 

fungus eoniinues its eoursc inwards or outwards as the ease may 1 m‘. 
(Plate 1I„ Rig. 3). 

{nteiual sporangia have often been observed in tiui lissu(ss of 
leaves, steins and fruits. They have not been found (dtlier to germi- 
nate eonidially or to produce zoospores in leaves and st ems, Init in a, 
few eases they have been observed to germinate eonidially in t lie 
soft tissiu's of the ]ieriear[) of the fruit (Plate V, Fig. lo). (.)f 
wha,t use they are to the parasite it is difficult to say. I’liey are 
known to lie formed in tlie leaf within twenty-four hours a.ftei- inoeiiia- 
tion. Similar bodies have been found in the leaves of potatoes 
attacked with Ph. InfedanP. 

J have failed up to now to find typical oosfmrt's in naf uri'. it, 
is ]) 0 ssible that they are formed, as in some artilieial nn'.dia they aiH* 
readily produced, but they may be very few and so escape detee-tion. 
Very rarely on mashing old leaves boiled in caustic potash resting 
bodies have been found which might be parthogenetic oos])ori‘s. 

Inpection Expeejmen'i’s on 'j’liE Castoe Oil Plant. 

From the many series of inoculation experiments earricTl out 
in the laboratory it has been found that leaves young and old most 
readily fall victims to the attack of the parasite. Eefore it was 
taken in pure culture inoculations were made in eitlnu: of tlu*, Iavo 
following ways : — (1) A bit from a diseased poi'tion of a leaf from the 
field was placed with a drop of water on eith(‘,r of the surfaces of a 
leaf of a healthy plant which was then covi'.red by a. bidl jar to kei'p 
it in a moist atmosphere. Afba* about six hours the diseased piece 
used for inoculation was removed. (2) A diseased leaf from the 
held was kept for twenty-four hours slightiy immersed in water in a, 
covered Petri dish. The fungus grew out ojl the suidacij of 1 he water 
in the jffitri dish and ])roduced sporangia in abundance- ; from t lu* 
surface not in contact with water an aerial gi'owth was produced. 
Either zoospores suspended in water or a little of the. mycelium 

Jouoy, L. U., UiddingK, N. J., ami Lulinan, J3. E. liiverAi^’idioiui of llu; I’uUUo Kun;'ii.= 
Phyiophthora infe^tam. U.S. .Depl. i\gvic., lliirouu ol PJaut .Uuluiitry, Iliill. 1:40, HUii, p. 
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W(?i’c iLsctl, fGi‘ iiiocLilating liealthy leaves. When the fungus was 
taken in culture, zoospores suspended either in distilled water or in 
slerilised ta]> water were invariably used for the various inocula" 
tioJLs. Wluitevei* was the technictue employed for the inoculation 
tlu‘ result was always the same. The effect of the inoculation 
was clearly perceptible within twenty-four hours by the inoculated 
ai'ea taking a dull unhealthy green colour. Sporangia were 
produced in about forty-eight hours after inoculation, when the 
inoculated leaf was kept moist by occasionally spraying it with 
water. The inoculated leaves could be easily induced to produce 
spoL’angia by suspending them in tap water. They readily dis- 
charged their zoospores when transferred to a drop of fresh water. 
These zoospores were used to inoculate a new set of leaves of 
healthy plants. The inoculation took as readily as in the previous 
experiments. In the case of leaves of tender seedlings and of very 
young leaves of bigger plants the disease spread from the lamina 
to the petiole, thence to the stem. 

From these infection experiments it is found that the germ- 
tubes of the zoospores penetrate the leaf three to five hours after they 
are sown on it. The penetration takes place on either of the sur- 
faces and is not accomplished necessarily through a stoma. They 
may even break through the upper wall of the epidermal cells or 
penetrate between the cell walls of two neighbouring cells (Plate 
III, Figs. 5-11). What factor stimulates the germ- tube to enter the 
host plant in one way or the other is difficult to say ; very often it 
has been found to cross over a stoma without entering it (Plate 
III, Fig. 10). Before the germ-tube enters the leaf its end is slightly 
enlarged as a rule. 

We have seen that in nature the fungus is confined to seedlings 
and to leaves of older plants. Stems of tender seedlings about six 
to eight inches high are found diseased in nature. When a stem of 
a healthy tender seedling is inoculated by means of zoospores sus- 
pended in a drop of water, the inoculated area soon turns browJi. 
The disease extends in both directions, ultimately reaches the 
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growing point and thereby kills the seedling, ii the scMnlling is kepi 
in a very moist atmosphere the inoculated stem pi’odiuu'S in ioiiy- 
eight hours a white flnfiy aerial mycelial growtii, b(‘iU‘iiig s|)t>fiiugi;i. 
The hyphee project about a niillirnetre or two IVom the, sh'.ni. Hut 
stems of plants out of the seedling stage seem to b(‘. immiiiu'- Irom 
the attack and artificial inoculations have proved unsucruvssliil on 
these. When the ordinary method of inoculating, by means of. 
putting a drop of water containing freshly discharged zoos|)ores on 
these steins failed, Klebahn’s^ method, employed by liim in inocadat- 
ing leaf buds of lilac plants, was tried. The stems of young plants 
about three to six months old were surrounded by a jm'kct oF dis- 
tilled water, containing motile zoospores, in a glass tub about foui- 
inches long a nd three-fourthB of an inch broad, thelowei* end of wbiiii 
was plugged by a rubber cork cut into two eipial haJves and lia ving 
a central bore just big enough to enable the two halves to s\in’oun<l 
the stem without injuring it. This end, was math'. watiM'-tigld- by 
means of moulding wax (.Plasticine) or paraffin ; tlu'. u])p(‘r end was 
kept open. A young seedling was inoculated in tlie sa.m('. way. 
The result was that the stem and the base of the petiob^s of tlie 
seedling in two days distinctly showed, niai-ks of successful inocula- 
tion and in four days it wilted. The photo (Plate X), ta,la,‘u on tins 
fourth day after inoculation, shows the progress of the aMcuA linm 
the petiole to the leaves. The plants three to six montJis old 
remained quite healthy. Only one plant out of half a, doz(‘.n siu'li 
inoculations on plants with matured bark, showed a siiuill l)lackisli 
patch about a couple of eentimetres in length, in (.wo days after 
inocnlation. As the diseased area was found not (■<(.) grow fui'tlier, 
even after a week, sections were made at this ])lace. A .few 
hyphos were found confined to the epidermal cells only. T'liej 
were imahle to grow further into the stem and the (.‘.ouseipieni. 
lack of food killed them. The inoculation failed even when ihv. 
stem was wounded. The reason of the parasite not a,U.a.ckiiig 
stems of plants as soon as they are out of the seedling sbigc is 
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not far to seek. The tender stem of a seedling has an imcuticular- 
ised epidermis, the outer wall of which readily permits the liyphm 
to penetrate it, the cortex is soft and juicy and therefore easily 
siKxmndas to the ravages of the parasi^^ its growth is not entirely 
checked on reaching the vascular bundles which, as we have seen, 
are attacked through the unthickened portions of their vessels' 
On the other hand, the stem of an older plant presents obstacles in 
its way from the very beginning. The outer wall of the epidermis 
is highly cuticularised and so wards off an attack of the hyph^ and 
even if they get into the stem through stomata, the germinating tube 
cannot go further on account of the thick- walled and closely packed 
collenchymatous cells of the cortex. Apart from these reasons of 
physico-chemical importance there may be very possibly others of 
physiological importance. Colour is lent to this by the disease 
confining itself to the lamina of a mature leaf of young plants and not 
spreading to the petiole and thence to the stem. I have succeeded 
up to now in inoculating petioles of only very young leaves. The 
inoculation was made by placing distilled water containing motile 
zoospores in a cup of moulding wax (Plasticine) which suiToiinded 
a part of the petiole at the node and parts of the internodes above 
and below it. The stem did not take the inoculation but the 
petiole did, in two days. The stem was then attacked through the 
latter. The hyphen which entered from the petiole extended up the 
stem and killed the growing point. The growth of fungus in the 
opposite direction was very slow. In these various experiments 
it was found that not only under field conditions is the leaf bud 
safe from the attack of the parasite, but also when inoculated 
aritificially, on account of the sheathing stipules. ' 

Infection experiments have also been carried out on flowers 
and fruits. For these experiments as well the inoculation material 
was zoospores from pure cultures, suspended in either distilled or tap 
water. Stalks bearing flowers and fruits were stood in water in 
flower vases ; drops of water containing motile zoospores were placed 
on the flowers and fruits. After the inoculation the flower vases were 
^ kept in moist chambers. Stalks of flower and fruits kept as ‘ ' cheeks 


186 


1>1I YTOPHTHOKA PARASITICA , 


were placed iu. exactly similar conditions. Male ilowci's look llu’ 
inociilatioji in m, tlay, turning brown and then black. Tlui branched 
stHJn( 3 us were eobwebbed by liv pine, rich in spoi’angia. (.{r<Hn 
fruits in two days turned black and became soft at tlu3 poiid. of ino- 
culation. The disease then spread over the whole fruit and caused 
it to rot. Sporangia and resting ” conidia were abundantly 
produced. The attack was not confined only to the outer soft por- 
tion of the pericarp, but the hard woody portion also was found 
to contain stray strands of hypha 3 which made their way tlirougli tlie 
lignified cells by means of a very fine projection which bored 1 lirougli 
the hard cell wall (Plate II, Pig. 4). A line web of myeelhijn, was 
found in the cocci between the seed and the endocarp. Tlu‘. fungus 
extended there through the lignilied cells or, as often happened, 
through the dissepiments of the loculi. The fleshy outgi'owlii on 
the seed, the caruncle, was then attacked by the h vplue aaid 
through, it the immature seed. The hyphm completely Idled tlie 
caruncle. They invariably traversed the cells thi-ough tlie pits in 
their thick cellulose walls. The course of the hypliai in tlie seed 
coat was difficult to trace. Inoculations on dried fruits invariably 
failed. 

Though in the laboratory fruits and flowers are so virulently 
attacked by the parasite, still in nature they have been found to be 
entirely immune from its attack. The cause for this is solely to be 
attributed to the climatic conditions prevalent at the time of fruit- 
ing. The rainy (Khaiif) crop fruits in October, Novembei’ and 
December, a period when the fungus has completely disappeared 
from the fields. The winter (Rabi) crop fruits in April and May, 
when the temperature is too high for the fungus to grow. 

The following experiments were undertaken to see how far- soil 
iuoeiiiations prove sueeessful. 

On account of the fret|iient showers of rain iu Ajuil and iMay 




last year (1912) the disease broke out early in J line in self-sown pbinls 
ill the castor plots of the previous year. About iifty to sixty per (3cnt. 
of the seedlings were diseased. Ali the seedlings were removed from 
the field early in July. On the 17th three pots (Lot A) were idled 
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wiili (uM'th Iixjiii, tliis diseased area. Care was taken to liave tiie 
tojanost hiycii' of tlie earth in the field uppermost in the pots 
as w('.l!. l'hi‘e,e seeds which were just germinating were removed to 
1 iiiH'.c pots with a big lump of earth (Lot B). Ten seeds were sown 
in ea.(‘li. of the three pots of Lot A, On the 21st they gerndnated. 
On the 22nd one seedling of Lot B was attacked with Fhi/tojiJiihom, 
On the 23j’d inorning one of the seedlings of Lot A was siiddejily 
found, to have given way at the collar, at which place there was 
found an elliptical pale grey patch surrounded by a black brown 
border which in turn was enclosed by a light brown and not 
shai'ply defined ring. Sporangiophores were produced in a 
largii (juantity, breaking out through the epidermis at any point. 
On making sections internal sporangia were also found as far in 
as the pith. The cells of the p.ith and cortex were traversed by 
palmately branched or fasciculated hyphae, the like of which 
have till now been observed only in some of the artificial media ; 
wherever these hyplne were found, the cell walls between two con- 
tiguous cells were partly or wholly dissolved (Plate II, Fig. 5). 
These palmately branched hyphse have also been observed by 
Mangin^ in Plasmo'pora viticola, PI. rihi, PI. nivea aiicl some 
other* PeromspomcecB and according to him by MM. Milladet, 
Prillieux and Cavara as well, but these hyphse, Mangin has found 
only in tissues surrounded by fibro-vascular bundles. He says, 
“ cependant les tissus compacts qui entourent les nervures et cpii 
cantoniient le mycelium dans des regions iimitees, ne constituent 
pas line barriere infranchissable. En ces points, le mycelium s'aplatit 
et forme des lames on des palmettes tres elegamment ramifiees, qui 
s'insinuent dans les meats les plus etroits et parviennent meme, soit 
mecaniquement, soit en digerant la substance intercellulaire, a dis- 
socier un pen les cellules qui leur opposent de la resistance. La 
moindre fissure, la nioindre fente, suffisent pour qiie le mycelium 
franchisse Fobstacle et peiietre dans une region saine ; la, il evolue 
rapidement en pleine liberte au moyen des elements nutritifs qid il 


I Mangin, L. licelierehes eur ks Peronosporees. Bull. Soc. crnkL- Kit. d'Autun VIII 
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troll ve eri abonclaiice.'’ I liave found these palniatcly bi-uu lu 
liyplise in the cortical pareiicliyniatous cells and growiiii* iivi.iy liciii 
the fibro- vascular bundles. The leaves and tlu'- glow i Jig point 
were not attacked when the seedlings gave way at tlu', collar on 
being diseased. On the 24th another seedling from l.ot M was 
diseased. The third remained healthy for a week .m,or(‘ and then, 
this part of the experiment ended. The seedlings from jjot A got. 
attacked at the surface level of the soil one by one, till tln^ 
majority of them died. The attack was never found to conu‘ 
from the roots upwards. It invariably began at the sindace le\'ei 
of the earth in the pots. 

All the pots of the Lots A andll, with some of tlie discasiHi seed- 
lings were then kept in a moist condition in the laboratory. (.)n tin*. 
30th of August one pot from Lot A was again sown with ten (-astor 
seeds. By the 5th of September eight seedlings died of tin' a.llaek 
on the surface level. One of the two remaining st'.edlings was 
slightly attacked at the same place, but it succeeded in the st ruggle 
for existence. 'The other* was not at all attacked. 

It is needless to say that for* a, 11 these experiments “ (;he,clvs ” 
were kept in exactly the same condition, except that the i‘a.rl-li was 
not from diseased areas. 

On the 30th of Sejitember a second iiot of Lot A wars sown wdlh 
castor seeds, i.e., two montlis after the seedlings in Ihis pot 
died of the attack. The seeds germinated after a. we(‘k, and Ihc 
seedlings gi'ew into big plants without any being in the hsasl. diseased. 
This s ho w^s that the fungus in the soil was not able lo rvhiin its 
vitality for twm months. 

hese experiments have proved interesting first b(u;a,us(‘ S(‘{‘d-- 
lings liavc been found to be attacked at t]i.<‘. surfacu*. Ir.ve! of the 
earth got from diseasial areas, while in tlie fields the a, (Tank has nol’ 
been found, to be at the surface level; secondly, beca.usii of (h(‘. 
presence in the diseased tissues of the seedlings of palmafely 
branched hypiuu, such as have been foimd growing in somn 
culture media, while in diseased leaves and stems ol)ta.iiie.d fi-om 
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the fields or by inoculations in the laboratory such hypha3 have 
never been seen. 

Pure Culture. 

Klebahid succeeded in getting a pure culture of Ph. omnivora 
by inoculating agar in a Petri dish, directly from an infected beech 
seedling, but the Phytoflitliom on Ricinus could not be taken into 
pure culture by this method or by the ordinary poured plate method 
successfully employed by Rorer*' for getting a pure culture of Cacao 
Phjto'pMhora, possibly because this fungus gives only a submerged 
growth on glucose meat-extract agar, as was found when working with 
pure cultures. Ph. infestans^, Phaseoli^ omnivora, var. Arecw^ 
and ColocasicB^' have been taken into culture by cutting aseptic 
slabs from the diseased tubers, fruits and rhizomes ; a pure culture 
of Pk. Byring m was got by KlebahiP by incubating the rind of a 
diseased stem of Syringa ; evidently these methods could not be em- 
ployed in the present case as in nature the fungus is found only on 
stems of tender seedlings six to eight inches high and on leaves. 
Flaming killed both the host and the parasite. Diseased leaves 
were suspended over sterilised pieces of carrot, potato, and in moist 
chambers on agar plates so as to allow conidia to drop on to the 
slabs and agar plates ; this method has been used with success by 
Rolfs^ in getting pure cultures of RJiizoctonia from the basidiospoins 
of its Cortieium stage ; with Ph. ‘-parasitica the media always got 
contaminated with bacteria and other saprophytes. Raciborski'' 
says he has grown Ph. Nicotiana in artificial culture but does not 
describe his technique. 

1 Klebahi), H. loc. cit. p. 70. 

2 Rorer, J. B. Pod-Rob, Canker and Chnpon-V'ilt of C'acao eaii.sed by Phyiophihora 
Sp., Bull, of Trinidad Dept, of Agr., IX, No. 65, 1910, p. 14. 

S Clint(,ni, 0. P. Downy mildew or blight (P. infestans (Mont) de Bary), of Potato, II, 29th 
Rieport of the Connecticut Exi*. Sta. 1905, p. 27S. 

^ Ibid., Downy mildew or blight (P. Phaseoli Thaxt.) of Lima bean.s, ib., p. 27S. 

B Coleman, L. C. loc. cit., p. 69. 

« At Pusa. An account of this species by Dr. E. J. Butler and IVIr. G. S. ICulkarni is in 
blie press. 

1 Klebahn, H. loc. cit., p. 37. 

8 Rolfs, F. M. Potato Failures, Bull. 91, Colorado Expt. Sta. 1904, p. 10. 

9 Racibor-ski, M, Parasit, Alg. Pilze Javas, Theil III, 1900, p. 5, 
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when woridng «th ?;#«'»■ 

necessary, ill order to get a pure. |,l„,„i «ith a 

Sterilise potatoes in suitable glass P'’ ^ d on iiexabaidMl 

trace, of the luycelium from the ,„,,in.,e of wafer 

cabbage and rhubarb leaves ^ svef. similarly 

in Petf dishes. It. therefore, at first, ~ ^ 

a pure culture of P/o P— ou b, ,,, 

obtained about Wf a “^^mietie 

keeping a freshly diseased on sterilised iioluioes, 

tap w:ter, but when inoculations were ma lo y”' 

eaU, bread paste. acidia<Kl \ t 'e uiee aga,r and 

agar, — that bae.eria 

was destroyed. A livdng potato washed unfh formalni ^ 

1 1 -1 AV'is iiiociilated on its cut snruui. An «n ii 

ni^^ciLigrltli soon 'developed but again was not. free from 

'"'''^Tpure culture wa,s ultimately got, by uieaus of the followmg 

“''’'Tdisease.d loaf was got from the liohl. It, was well wa.sbed 
with sterilised water to get rid of foreign matter as muH, a.s possihh 
and kept in a covered sterilised Petri di.sh contaimng a, little sterilis.s 
tap water. The P/u/to/i/d/»)W hyph» si.rea.d out on the surla.-e 
S: Uer and bore a crop of sporangia the next. a.y. '""'y 
disebarged their /.oospores in a drop of sUai isk a.p wa. 
drop wa.s used to inoculate a clean well wa,shed newly opened I. •. - •> 
seedling grown in the lal,ora.tory, thereby lurtbei' immmismg tb 
presence of sapropbytie fungi, 't'be .seedling was Irept in a .must 
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a,1iii().si)li.cr(', by (;<)V(in,ug it with a ],)ell jar. The next day tlie 
inoeulatccl leaf was plucked and immersed in 2'o per cent, formalin 
for half a.n hoin*, it was then well washed with sterihsed water and 
la-ansferred to a, sterilised covered Petri dish containing a little 
sterilised tap water. From the inoculated spot an aerial mycelial 
growth of Phytophthora, free from other fungi but not from bacteria, 
developed in 24 to 48 hours. It was found essential to keep the 
leaf in contact with water to get the aerial growth. A portion of 
the aerial mycelium was then transferred by means of a sterilised 
platinum needle to a piece of pith soaked in Ricinus leaf juice 
prepared as follows : About 10 to 15 grammes of green castor leaves 
were boiled for an hour in 100 c.c. of distilled water. One or two 
pieces of pith in an Erlenmeyer flask were soaked in some of the 
filtered, decoction, enough to leave very little of it at the bottom 
of the flask after sterilisation. After two or three days a sparse 
woolly growth projected about a centimetre high from the upper 
surface of the pith. These hyphae were free from bacteria and 
bore no sporangia except occasionally in old cultures, but when a 
bit was transferred to watei.’, it bore innumerable sporangia the next 
day. If the flask contained much liquid the pith was soon over- 
grown with bacteria and the growth of the fungus retarded. It 
was now only necessary to inoculate a suitable culture medium vuth 
a bit of the mycelium growing on the pith. Such a medium was 
found in French bean {PJiaseohis vulgaris) juice agar which gave 
in two days a, pure, rich, healthy culture. 

Morphology op the Fungus in Culture. 

The comparatively young mycelium consists of thin, not much 
branched, unseptate hyphee. The protoplasm within them is 
finely granular ; but as they grow older they become very broad, 
up i() 9 m ; the granules become coarser and aggregate into groups 
or iri*(‘gu lai’ masses, the contents lose their homogeneity ; at a still later 
sia,g(‘ septa are formed, but they are fa-r between. In very old cul- 
lur(\s t.li(‘y are formed fairly frequently. In these cultures brandies 
have been found to be rather uniformly cut off from their mother 
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hyplisB at tile point of origin (Plate V, Fig- 4.e). They a.re geiieinliy 
curved, either concave or convex; they are more or less thic-heinMl 
either on one. or both sides by the deposition of cellidose on Ihein. 
The thickening is either elliptical or conical (Plate V, Pig. 4), It 
resembles callose caps on sieve plates. The cellulose thickening 
when stained with Schulze’s solution does not take a homogenous 
blue or violet colour but different shades of blue oi' violet. This 
shows that the cellulose on the septa has been deposited in layiu's. 
On rare occasions branches have been found to gioAA'^ tli rough S('])la 
(Plate V, Fig. 6). Cellulose ingrowths have been found lo form 
false septa in hyplue (Plate V, Fig. 5). They differ fiom tin* ordinary 
septa in not having their characteristic curve, in lu'ing broa<hau‘d 
at the ends and not in the niiddle, and in not being la, id <lown in 
plates, but in being ingrowths from the inner lay<‘r of lln^ liyplia 
walls. The false septa are formed either by two (‘ellulos<^ pigs 
growing in from the opposite walls and meeting at some poiid 
(Plate V, Figs. 4d and 5c) or by cap-like depositions of cellulose on 
the ingrowths (Plate ¥, Fig. Sb). 

The sporangia are borne on simple stalks, but in wa.t(U‘ cultures 
and in certain media the stalks are as irregularly braiu^ua! as those 
of Fli. omnivora and of Ph. ommvora, var. Arcew. 4hc. sj)oi-a,ngiu 
are generally apical as in a typical Phyto'pldhora ; but they ani often 
intercalar and sometimes lateral as well ; the end of a. hypha swells 
as if it was forming a sporangium, but for some uidcnown cause t lu' 
swelling does not increase and produces three or four short latci'al 
branches, each of which terminates in a sporangium. Occasionally 
an apical branch also arises from the swelling, which prolongs tlu' 
vegetative growth of the original hypha. The sporangia are generally 
pear-shaped hut intercalar sporangia are usually round (Plate V, Fig. 
Ih) ; they do not vary much in shape hut they vary a gi-eat deaf in, siz(c 
The variation is between 1.1-60 x 10-45^5 on an a,vcrage 25-50 x 
20-40/a> and consequently the number of zoospores in them is vtuy 
irregular. They have from 5 to 45 zoospores, on a,n a,v(u.*ag('. 30. 
Sporangia and zoospores from diseased leaves are found to be smaller 
I, nan those from pure cultures. Sporangia have usually one pa,pillu. 
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vertically opposite the stalk, but some sporangia have been found 
with two (Plate IV, Fig. 36). In such cases the discharge of 
zoospores does not necessarily take place through the apical papilla. 

Sporangia fall off from their sporangiophores with or without 
any vestige of their stalks. Sporangia from a healthy culture, 
^vhen suspended in water and in ordinary day-Hght, discharge 
their zoospores within five minutes. Sporangia from cultures made 
in Ma,y and June 1912, when the temperature was very high, did not 
discharge their zoospores so readily. They required to be suspended 
in water for half an hour to make them discharge their zoospores, 
but when they were suspended in water and kept in an incubator at 
25° 0., zoospores were emitted in five minutes. The same result 
was obtained by adding a small piece of ice to water containing 
sporangia. Cultures made in these hot months were occasionally 
daily put in an incubator at 25° C. They produced sporangia 
luxuriantly, which discharged their zoospores in ordinary tap water 
or distilled water in five minutes at room temperature. Submerged 
sporangia from French-bean juice agar and oat juice agar discharge 
their zoospores even when embedded in the media. These zoospores, 
after leaving the sporangium crawl about for a few seconds in the 
film of water expressed from the agar before rounding themselves 
off, azrd germinate like other zoospores. Light seems to influence 
the formation and emission of zoospores. A dozen healthy hanging 
drop cultures were kept in a dark cupboard and a dozen similar 
cultures left on the working bench in ordinary day-light. Within 
half an hour all the mature sporangia in the cultures left on the 
bench had discharged their zoospores while there was no change in 
those kept in the dark ; but the next day sporangia in these cultures 
had germinated conidially, giving a highly branched mycelium 
(Plate III, Fig. 1). Both these sets of cultures were kept under ob- 
servation for three days. The cultures kept in the dark formed no 
new sporangia but in those kept on the working bench the sporangia 
that had not discharged their zoospores had germinated conidially 
and bore secondary sporangia (Plate IV, Fig. 37) ; and the new 
plants got by germination of zoospores had also formed sporangia. 

.2 ■ 
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Varying temperature., alternate light am! dnrkta'-ss a.in! inoisima' 
are essential factors in the formation of sporaiigia. (!ul1inM>s ka'pi 
for months in a dark cupboard at varying room ((Mopeml ure am! \\\ 
incubators at the constant temperatures of 20" (\ in summer and 
35° C. in winterj produced luxuriant mycelium but lemaim'd stei'ile. 
But Avlien they were removed to an ordinary room in ordinary 
atmospheric conditions, sporangia were soon formeci. inoi-uL-rb'd 
castor seedlings kept in a dry place ill the labointory produced no 
sporangia but those kept in the laboratory compound on misty 
nights and those kept in the laboratory but occasionally sprayed 
with Avater, gave sporangia in forty-eight lioui‘s. 

An immature, sporangium has a single vaimole about IO-12/x 
in diameter. It glides from place to place in the sporangium 
by very slow, almost imperceptible ‘‘ amod^oid “ movtmionts. 
As it contracts and expands the size of tln^ spoi'angium has 
been found to be decreasing and increasiug. Tlu' formation of 
zoospores is made faintly evident by the segmentation of tin' pro- 
toplasm into so many units while the vacuolt'. is still j)r('scnt. Al 
a later stage the vacuole disappears and the zoospore origins 
become more prominent. At this stage tliey liav(3 no vai'iioles. 
They then become more coarsely granular. The sporangium loolcs 
rather dark. A little later in each of the zoospores a viicuole is 
seen appearing and disappearing. The papilla, is now very liighly 
refractive. Idle contents of the sporangium liave conti’acted a little 
from the inner wall. A slight pulsating movement in it lieralds the 
approaching discharge of tlie zoospores. There is a, sligiit spasmodic 
rotation of the whole mass. Individual zoospores are restless, 
they contract and swell. There is also a slight motion visilrie in 
their granular protoplasm. The inner wall opposite the papilla, is 
occasionally pushed into it by a zoospore striking against it. ddie 
discharge of the zoospoi'es takes place in either of tlie following tivo 
ways : — 

1, The papilla dissolves or bursts under pmssuiv. Tlu'. zoo- 
spores are immediately discharged but sometimes a littk gramdar 
lluid flows out before them. Sometimes the papilla dissolvi's la'foin 
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tlie 2;oospo3:es move about in the sporangium or make any effort to 
(iscape’ (Plate IV, Fig. 4). 

2. '’.the papilla swells or is blown into a hemispliere by the 
inrush of the zoospores (Plate IV, Figs. I and 2). It disappears 
before all the zoospores have left the sporangium (Plate IV, Fig. 3). 
Those that get into it remain stationary, huddled together for 
a few seconds, before dashing away. The swollen papilla can 
be distinctly seen by treating a discharging sporangium with 
iodine. This mode of discharge has been observed in Pytlikmi 
fcdmworum.- 

The zoospore escapes from the sporangium by contracting its 
anterior end and srpieezing it through the opening ; it then swells 
up, the zoospore becoming dumb-bell shaped. Then the posterior 
end contracts and passes to the outside. Its vacuole either- 
disappear-s and re-appears as soon as the anteiior end of the 
zoospore is out of the sporangium, or divides into two, one 
lialf going to the front portion, and the other to the hinder and 
l)oth re-uniting when the zoospore is completely out of the 
sporangiuin, or along with the contraction of the zoospore the 
vacuole also conta-acts, lookiirg like an liour-glass, when the 
zoospore is partly out of the sporangium. Each zoospore as it 
makes its escape fronr the sporangium generally drags out the one 
behind it. It is not always that the zoospores succeed in getting 
out of the sporangium. Those that do not find their way out, 
round themselves off and may germinate m situd Zoospores in 
a sporangium which for any reason get separated from those tliat 
are escaping from it, find it difficult, and frecpiently altogether fail, 
to get out. 

The zoospores, as a rule, escape as distinctly defined units but 
occasionally in clumps of several united together, moving about 
l)y amoeboid movements before getting separated from each other. 

* C./. Hartig, R. loc. cit., p. 44. 

2 C.j. Butler, E. J. Bud-rot of Palms in India. Mem. Dept. Agrio. Irulia, Bot, Ser. I ll, 
No. 4, 1910, p. 254. 

S O.f, Hartig, B.. Inc, cit. Oolernan, L. C., loc. cit., p. 02, 
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In rare cas(\s two zooBpores have been foimd a.tta(;lie(l togeXher by a 
protopiaHiiiic neck (Plate IV, Fig. 6a). X’lie wliol(‘ nncsH has laani 
observed to have only two cilia, one at oacJi (oul. Fin*, two zoospo!;(*,s 
make a,n ell'ort to get free from each, otlu'r. Fhey for('.ibly pnli at 
each other and violently twist round and round tin* neck, whicii 
elongates and consequently becomes thimier. It finally snaps, tin* 
zoospores immediately dash away, with a cilium at one ('nd and a 
protoplasmic thread at the other. This is probably not a format ion of 
two uniciliate zoospores by the fission of one lii-ciliate swarm sport*, 
as found by Atkinson in (Pythvwm) inteivirdl/is (th* llarv)’ : 

but merely an inconiplete breaking up of the original protoj>lasm in 
two units of zoospores. In Atkinson; s ca.se tlit*. movt'uu'nt of tin* 
bi-oiliate zoospore becomes slower five or ten minut(\s after discharge 
and “ finally it nearly ceases and the body ini{h‘fgo(‘s j)lastic movt*- 
ments resembling someAvhat that of an amoeba. At fiist this 
amoeboid movement is irregidar, but after a few ndnutes ita.ssnnu‘s 
a definite character which tends to cut the organism into two . ’ ’ llis 
figures show that the bi-ciliate zoospores have a single vac.uole.-' 
What I have found is the appearance of two distinct units (connect <*d 
by a narrow neck at the time of discha.rge, eacli unit poss(*ssing Ji 
vacuole (Plate IV, Fig. 6a) ; the whole mass being almost twice 
the size of a normal zoospore ; its movement is at no stage 
“ amoeboid,''’ and the two units get separated by the snappiiig (df 
of the protoplasmic neck, the result of the hard pull tluit they inivi* 
at each other. I have found two units thus miitcd tog<dlu*i‘ 
hardly half a dozen times while Atkinson has found tlie breaking 
up of bi-ciliate zoospores into two uniciliate ones taking jVlaou* as 
a rule. In one case, along with Jiormal zoospores, a, motile mass of 
protoplasm was discharged from a sporangium at ,1,0- 1.5 A.n. 
(Plate IV, Fig. 26). Its slurpe was that of a roughly drawn ])entago]i 
with a distinct cilium at each of its angles. It whirled I'ound and 
round a single point as if one of its cilia, which was not visibh*., had 

1 Atkinson, Goo. .U Danj ping oil', ConiolJ LJniv. Agrie. Expt. Stat. Bull. 94, Jk>t. Division, 
1 , 805 , 1 ). 249 . 
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got entangled with some foreign body. It evidently tried to set itself 
free. At 10"20 four vacuoles appeared, at 10-25 it succeeded in 
disentangling itself and suddenly darted off. At 10-30 its motility 
ceased, it lost its cilia and rounded itself off. At this stage only one 
vacuole was visible. It measured 15 x 12 w . Its endospore and 
exospore were quite distinctly visible (Plate IV, Fig. 27 ). The for- 
mer was hyaline and refractive, the latter dark. At 10-45 it began 
to germinate. It produced three germ- tubes. Plate IV, Figs. 27 to 
34 show its progress till 3 p.m., after which there was no further 
development, possibly on account of lack of food. This motile mass 
of protoplasm, having five visible cilia and going through the ordi- 
nary life cycle of a normal zoospore and germinating by giving out 
three germ-tubes, possibly consisted of three undifferentiated zoospore 
constituents. Dr. Butler’^ has observed in Pytliium falmivonmi two 
or more spores remaining united after leaving the sporangium and 
germinating normally after coming to rest, but they have only a 
single wall. 

The zoospores are of the ordinary Phjtophihom type and measure 
8-12 X 5-8 m in their motile state, when they come to rest they measure 
7-1 Iw. They are bean-shaped with a pointed anterior ; arising from 
the hilum are two imecpial cilia, the anterior one being distinctly 
shorter, as found in PL Syringm- and PL omnivora, var. 
Afecce'^ (Plate IV, Fig. 6). After swimming about for twenty 
minutes to two hours they come to rest. Their movements 
are very brisk for the first fifteen minutes ; they move about 
even after assuming the spherical shape, the movement then being 
not very energetic. The rounded zoospore after rolling about for a 
few seconds comes to a dead stop to all appearances, but quite 
suddenly after a few seconds it dashes away, presumably in search 
of another suitable resting place. This fitful and sudden move- 
ment goes on for about five minutes more and then the spore 
comes to a dead halt. In fifteen minutes germination takes place 

^ Putler, E. J. Bud-rot of Palms in India. Mem. Dept. Agile. India, Bot. Scr. HI, No. 4, 
1910, p. 256. 

Klebahn, H. loc. cit., p. 51. 

s Ooleman* L. 0. loo. cit., p. G3. 
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generally by one and rarely by two germ-tubos (.l’lal(‘ IV. hiv- 

to 25). Tlie germination does not seem to lx*. alUattHi by ligbl 
or darlviiess. Two sets of experiments were cjuTitnl oiil lo S(‘e 
action of light on the germination of zoospoi*es. A little bit <d 
niycelimn from a pure culture was transfew'd to tap waltM'. 
Within ten minutes an army of zoospores was actively moxing 
about. They were transferred to twelve slides, hall ol \viiu‘li 
were kept in a moist chamber exposed to ordinary day-iight at 
laboratory temperature, while the rest were kept in a nu.»isl 
chamber in a dark cupboard at the same teinperatiu'e. In two 
hours all the spores had germinated ecpially well in both tln^ s(*ts. 

The germination of the sporangia takes phice in tliree diileivnl^ 
ways. (1) When they are placed in a drop of linssli. water their pio 
toplasinic contents break up into tlie constituent zuoKi)oies, which 
after escaping from the sporangia germinate ivadily within hall an 
hour. (2) They may give rise to one or more short gerni-t uixss lorin - 
ing secondary sporangia, which may eitlun- form zoosjx)res or 1(‘.rtiary 
sporangia at the end of short germ-tubes. It is not unusua l to lind 
three or four generations of sporangia linked togidher b}' slmrt germ- 
tubes (Plate V, Fig 1). This mode of gernuiuition is geiuvrall)’ 
found in old cultiuns and in those not Icept in |)iire wiitei:. (3) They 
germinate coiiidially giving rise to a mycelium. 

In cultnres and on inoculated castor fruiis a, sccotnl s])or(' form 
has been found, the “ resting ” conidium or so-c^alhxl “ (‘hlamydos- 
pore.’ This resting ” form of eojiidiiiin has becJi. observed in the 
Cacao Fhytofhthomhj Korer' and apparently a Isc) I )y i’etelrh and in 
Pythium, palnii'vorunf by Dr. Butler. The “ j‘est;iiig ” eoiiidia aio 
usually spherical, thick and smooth walled, yellow in (•oloui'. i (.M iiiiiia L 
lateral or iiitercalar, ' 20-6tV in diameter and eojitain a lot of oil 
globules (Plate V, Figs laand 7 to 13). Bitercalar " msting " ,-onidi;, 
are formed in two Avays. (1) In the coiu’sc' of a, hyplia., swcPing lakes 

' Eonsr, .1. B. hr.. ciL. p. 13, 

■MVtcli, 'r. and Irlevea Cankw, (tr. and dunni. la.yal l!<n 

Ceylon, V, No. 13. li)10, p. 1 j>3. 

3 Butler, 1C. J. loc. ciL, IX 255. 
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place in botli its walls or in one at first, forming a round or elliptical 
enlargement whicli is then cut oft' by two septa (Plate V, Figs. 11 and 
13). The thickening of the wall begins at a very early stage. (2) A 
terminal swelling appears on a young hypha, which soon becomes cut 
oft by a septum from the swelling ; the growth of the hypha is con- 
tinued either in a prolongation of its original course or in a new direc- 
tion by the swelling putting out a new hypha. This is not a ger- 
mination of the swelling by a germ- tube, but it is merely a vegetative 
growth as the swelling is immature and develops into a fully mature 
thick- walled yellow “ resting ” conidium after the new hypha has 
grown out. It is capable of germinating independently. In cul- 
tures resting ” conidia are borne both on the aerial and submerged 
inycelium. Tliey are formed both, in healthy and unhealthy cul- 
tures. Extremes of temperature, which retard the formation of 
sporangia, do not .retard the formation of resting ” conidia. 
Cultures made in iMay and June last (1912) produced a poor crop of 
sporangia on account of the excessive heat in these months but 
were rich in I’esting conidia. Very old cultures, about nine 
months old, in which all sporangia and hyphse were dead, contained 
living ^ resting ” conidia. The ” resting ” conidia do not neces- 
sarily recpiire a period of rest before germinating. They germinate 
l)y one or more germ-tulies <piite readily (Plate V, Fig. 8). When 
“ resting,'’" conidia are sown in water, germination takes place within 
twenty-four lioiirs. Very frequently the germ-tubes are swollen 
at the base. The germ- tubes either directly produce sporangia 
(Plate V, Fig. 12) or resting ” conidia (Plate V, hdg. 10) or 
vegetative liyplia^. If kept moist they retain their vitality for 
over nine months, but if they are completely dried, their germinating 
power does not last for even a week. 

That the resting ’’conidia are parthogenetic oospores is very 
improbable for the reason that they are over twice the size of 
normal oospores and that from the veiy beginning of their develop- 
ment tliey are thick-walled and slightly yellow tinted, while 
parthogenetic oospores have theii* origin in thin-walled and 
hyaline oogonia whicli, on failing to come in contact with, antlieridia 
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after reaching maturity, undergo the Baine changes, at. k'ast. out- 
wardly, as they would have if they had beeji. lertilisfMi, The 
‘‘ resting ” conidia germinate readily, while th,(‘, oosj)or('s ha ve 
not been found till now to germinate, except in one tloiihthil 
case. 

Von Faber^ in Cacao Phytofhihora has found oospoi't^s hut 
he failed to find antheridia and oogonia. Colemair explains this 
failure on the ground that the oospores ‘‘ almost always Jill tin* 
oogonial cavity so completely that the oogonial Avail can be nnidc 
out only with difiicnlty/" His figures 7, 8, and h of j:’lat(‘ X V 1 1 1 
leave doubts in niy mind as to their being drawings of I riu' pnrtho- 
genetic oospores. They seem to be “ resting ” conidia or ch lainydo- 
spores, which Horer has found in diseased fruits. 'rh(\v <init»> 
resemble resting ” conidia found in Pli. fanmUoa. 

In the Fhytofhthom on Hevea brasiliensis, which is co)i,sid<>i’(‘(! 
to be Ph. Faheri by Petch and others, oosj)or(‘s ]iav<‘ bcc'u 
found but “ Oogonienliaute iind Antheridien waren jiidd vorhau- 
den.'"'^ From spirit specimens of fruit of llcvm himiUnhsis 
attacked by Nectria and by Phytophthora 1 lia,V(‘ c-oitu' a<‘i*oss 
globular yellow thick -walled (2// thick) bodies, in appcara.JKr cxacily 
similar to “ resting ” conidia found in Pk pa/msUim. They nu'asiirc 
22 to 30 m in diameter, on an average 27m. These i*cstiug " cofddia 
might have been mistaken as oospores without ajitheridia and 
oogonia. 

As in Pk Phaseoli\ the antheridiiim is tlu', tirsi,. to ix- 
found in the development of the sexual organs. The forinaii, uu of 
the antheridiiim is indicated by the terminal swadiing oJ; a 
hypha, which sometimes prolongs its course to a few iriicrons in 
length beyond the swelling, or by the swelling of the wall of a 

^ \ ou labor, P. (J. .Dk? I’huloflithoru-YAwia dor Kaluiufriiolito, Arboitcn uus dcr 
Biol. Aiisl. I'iir Laud-und l'A)rsfcAnrt.sehaft, Vll, IlUO, 201. 

® Colouian, L. C, Uk. cU,, p. 74, 

S Poto'ivs, Ubor oiuc Frnohtfiiulo von Hevea brumHemiv in Ivainonia. Bor. itb. d. 
Tiitiglceib d. Kaw. Bi(d, .\iist. ira Jahro 1911. Mitt. Kaia. Biol. Auab. 1012, No. 12, 

4 Clinton, G. P., loc. oil., 1907-1908, p. 902. 
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ratiiei: old. liyplia soinewliere in its jniddle. Thus according to 
its (h'.vciopinent the antheridiimi is terminal or intercalar. Tlic 
swoilcii portion of the hypha is soon cut off by one or two sc^pta 
a,(x;oi'ding as it is terminal or intercalar. The walls of the swell- 
ing remain thin or become slightly thicker than those of its stalk. 
There is no trace of the oogonium till the antheridium is completely 
developed, or almost so. The oogonium and the antheridium are 
on the same stalk or on different stalks. When they are on 
the same stalk the oogonial hypha arises from the base of the an- 
theridium as an ingrowth (Plate VI, Figs. 3 and 4). When the 
oogonial origin is developed on a separate hypha, it grows towards 
the antheridial swelling and makes its way into the interior of 
the latter when it comes in contact with it. In some cases the 
oogonial hypha swells before penetrating the antheridium (Plate VI ^ 
Fig. 14), in rare cases it has been found to indent into the wall of the 
antheridium before boring its way through it (Plate VI, Fig. 2). 
Once within the antheridium the hypha. continues its growth until 
the apex is reached. At this stage the swollen apical wail of the 
oogonial hypha is thinner than its side walls (Plate VJ , Figs. 4 to 
7), and its apex is also more highly refractive than the rest of the 
hypiia.. Tire swollen head of the oogonial hypha now dissolves the 
antheridial wall in contact with it and grows out of it. Imme- 
diately it emerges it, as a rale, swells out into a sphere or aln).ost a 
sphere containing oil drops, the oogonium propei*. When the 
oogonium is mature its protoplasm gets differentiated into the 
oosphere, surrounded by a very thin hyaline wall. Later on 
changes take place in the oosphere, the thin wall begins to get 
thickened and contracts a little from the oogonial wall. There is a 
sinndtaneous change in the oogonial wall as well ; it also gets thicken- 
ed and turns yellow. These changes mark the conversion of the 
oosphere into the oospore, after fertilisation, but the exact monumt of 
f(U‘tilisation cannot be ascertained ; at no stage in the development 
of tlie antheridium and oogonium has ever been found any special 
process througli which the fertilisation might be effected, probal)ly 
on account of the way in which the antheridium envelops the oogoiii- 
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imi They are in such intimate contact over a consKle.rahle. .lua 
that nuclear transfer might take place at any time alter Ihe. pene a a 
tion of the antheridiumby theoogonial origin. Alter lerlihsan , 

the oogonial stalk within the antheridium is found m the. ma,|otitt o 

cases to possess a septum or a thick cellulose plug or boUi ; in those 
cases in which neither septa nor cellulose plugs have I.eeu obserusl, 
they might be present iust where the antheridium ,is piercod by i-i.. 
oogonial stalk and so escape observation. The oogonmni lonus a 
pennaiieiit coating round the oospore which almost fills it , < m n a 
the formation of the oospore the antheridium is uot always com- 
pletely empty of its protoplasmic contents. 

1 cannot definitely say if the oogonivim is cv(m- dcwlopcd li'r- 
ininally, but in those few cases in whicli tlu'. liyphic. iH .uuig t i< 
oogoiiium could be clearly traced for some dist;un‘<‘. it' w.ts t i.d 
it was on a lateral branch of another hypba (1 latu \ t , 1 I t - 
15 and 20), or occasionally sessile or what may l>e ternu'd inici iu, a i 

(Plate VI, Fig. 11). 

Both Jones and Clinton' liave observed tluiti the ()ogounil 
thickening in Ph. mjestam is infiiienced by tlu^ .mcdiimi m^ wbich 
it is grown. A similar ditfei-encc in the oogonial thi<.Jv(U)iiigs oi 
the oospores of Ph. pm'asitica is found in !h,‘encb-beji.n juic<* agar and 
oat juice agar. The oogonium in the former medium is slight i_\ 
thickened, at times very little, smootli and. yellow. \Vi.tliin It is 
seen tlie oospore, almost filling tlie oogoiua.] eavity. \'i‘.ry olleii llie 
enclosed oospore lies in such close contact with some, portion ol ih*' 
oogo.iiial walls that it is very dilficult to (lifl‘ei,‘e.utia.te hetween. theii' 
walls at this place. The oogonium measures 15“27,« in. diame- 
ter, as a rul(*. !8-2r)/u and tlie average of 00 measui-(.uiu,mts gavi^ a 
diameter of 23 ‘Sm. The oogonium in oa,t juice agai’ is tluclc 'crusted 
on accoiiut of secondary tJrickening on .its wuill, oraiig'' yellow in 
colour, and without a. slia,r[) eoutour. At times the (hiek oogoiua 1 
wall is so opacpie that, the (Miclosed oospore which almost tills the 
oogonium is only sia-m on cj-usliing it, J’hes(‘. thick-walled dark 
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coloiiwid oogonia growing in oat juice agar, look similar to tliose of P/o 
'hi.festdiiH found in the same medium by Clintoid, but they are much 
,sjuall(‘-r. The thick-walled oogonia of Fh. ‘jjarcmlica vary from 
155 to 35/4 in diametei*, while those of Fh. infeskins vary fi'om 34 to 
oOm in diameter. Though the oogonia from hTench-bean juice agar 
ai'e smaller than those from oat juice agar, this difference in size 
being due only to the nature of the two media, still the oospores 
from both these media are of the same size. They vary from 13 to 24 m 
in diameter as a rule from 15 to 20m. The average of 60 measurements 
gave a diameter of 18‘6m. They have a thick wall, about 1 to 2m in 
thickness, and are spherical, smooth and hyaline. They liave a 
liomogeneous mass of protoplasm, generally containing one or more 
oil glol) Liles. 

The aiitluuidia are hyaline, thin-walled and irregular* in shape. 
Tliose produced in hi*ench-bean juice agar are larger than those found 
in oat juice agai*. They are persistent ; even in very old cultures they 
liave been found to remain attached to the oospore. TMie oospore 
lu’caks otf fi'om its antheridium wlien roughly manipulated. 

The oospores in oat juice ag'ai* are embedtled in the luedium aiid 
ai*e, as a i*ule, confined to those portions containing matted budding 
iiyplue, which, are considered tostoi*e I'eserve material for* the fungus. 
These are invariably empty after the formation of tire oospores. 
Very often tlie oospore is completely entangled in tlie netwoi'k of 
those hy|)luo. The oospores in French -liean juice agar are embed- 
ded in the medium, but tliey are not i‘estricted to any particuh.ir 
poi'tion of it. They a, re found mixed U]) witli sporangia and 
“ resting ” conidia. 

The oospores of Fh. infestam “ ai’e more likely to he found 
in the U[)pei‘ and drier part of tlie tube' ” but the oospores of Fh. 

have invariably been found in the lower and moistej* pai't 
of the tube and. never' in tlie upper and drier. Thej.*e is as much 
vaiiability and uncertainty in the production of these oospores as 
Clinton found in the production of those of Fh. infestam. Some 


» Clinton, G. P. he. cU., lOOO-iUlO, ]>. 772. 


Plt^TOPlrrHORA PARASITICA. 


i!04 

portions o£ the culture tube contain a lot of them in. ail sta,i.^('s 
of development, while in other portions tlieri' is .no tirats' oi 
them. 

Ph. pamsUica oospores have been found in ht*{‘.U(;h."b<’!an juici- 
agar and oat juice agar but they have only been ol)tain.e(l wium 
these media were inoculated from cultures gmwing on a. (tilTeivut 
medium. 

Clinton has found it difficult to decide w.hethe.r tlu' oogonial 
thread did not actually penetrate the antheridium and grow 
through it ” ])ut the optical effect was frequently tha.t of an inttM'uai 
thread.’' I have not found a single case in whicii tlu* oogonial 
origin was not within the antheridium. Tla^ microphotogi-a.)»lts 
bear independent evidence to the ujii(jue modc^ of developnumt of 
the oogonium. One of them (Plate Vll, Fig, 1) shows llu* 
oogonial thread arising as an ingrowth within the aid li<‘ridium. 
Another (Plate VII, Fig. 5) shows a roughly manipuhib'd oospon*,. 
At the apex of the antheridium the elliptical opening made hy the 
oogonial thread was distinctly visible. Within the iniilKuhlimu is 
seen the passa,ge made by the oogonial thread in tli('. course of its 
upward progress. Plate VI, Fig. 16, shows an uufertiliH<'.d oogonium 
which through rough handling got a littl<‘ s'e})ai’a,t(Hl fi'om its 
antheridium. This figure clearly illustrates the (‘xact origin of the 
oogonium. 

It is a matter of common observation that when a liypha 
penetrates its host cell at right angles to it, uiKhu* the mhausc.ope the 
penetrating end of the hypha, observed vertically, appears as a coic 
tiuuous chain of rings lying within the cell when the line adjustimmj 
of the microscope is being used. The same phenomenon, is obsfirved 
in the antheridium which is being pierced by an oogonial li>q)lia 
(Plate VI, Fig. 1). When the oogonium and antheridium a r(^ on 
the same hypha the oogonial stalk broadens out at the, pla,e{‘ of its 
origin at the base of the antheridium. All these observaJdous te,a,vc 
no doubt as to the oogonium arising from within the ant:h(',ri» 
dium. 
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Composition op the Membranes. 

According to Mangiii’ the niycelinin of the Peroumporacerc can 
he very (^asily distinguished from other fungi by tJie cojistant 
presence of callose, pure or associated with cellulose which 
partially or completely plugs the mycelial tubes at intervals. I 
luive failed to find this constant presence of callose in Ph. 
pamsitica. No doubt within the hyphse have been seen refrac- 
tive, homogeneous, hyaline and generally bi-convex bodies which 
completely fill the hyphal cavity (Plate V, Figs. 5a, c and d). 
Tliey aiis(^ as ingrowths from the inner walls of the hypliffi (Plate V, 
Figs. 1, 4d and 5). The hyphal cavity is closed eitlier by one 
such ingrowth extending from one wall to the other oi’ by two 
or more arising from the opposite sides and meeting a,t some point 
within the hypha. These plugs, uidike the callose plugs found by 
Mangin'-’ in the other PeronosporaGew, have never been observed 
to originate as annula.r rings within the hyphae. They ai’e com- 
posed of pure cellulose and not of pure callose or callose associated 
with, cellulose. The jiresence of callose is indicated by a yellow 
colour given to it by the iodine reagents for cellulose, e.g., 
calcium chloride-iodide, iodine and phosphoric acid, iodine and 
sulphuric acid and Schulze’s solution. These reagents have in- 
variably stained the plugs blue or violet without any trace of 
yellow. Caustic soda and caustic potash easily dissolve callose ; 
ammonia and alkali carbonates swell it and give it a gelatinous 
appearance ; sulphuric acid slowly dissolves it ; cupric ammonium 
hydrate has no action on it even after long treatment with strong 
acids. These are the reactions given by Mangiir* for callose. The 
plugs found in our fungus are not dissolved by caustic soda or caustic 
potash ; they are no way affected by ammonia and alkali carbonates, 
they are readily dissolved by sulphuric acid ; after two hours’ treat- 

1 Miingiu, L. Sur lii struct, uro des Pmmosporees. ( !. R., CXI, 1890, p. 924 and Recherch(>s 
Htir les Peronosporees. Bull, Soo. Hist. Nat. d’Autun, Vlll, 1895, p. 70. 

2 Ibid. Sur la desarticidation des conidies chez les P eronospork.'i. Bidl. Soc. Bot. Fr 
XXXVin, 1891, p. 234. 

3 Ibid. Sur la callose, nouvolle substance fondainentale e.xi.stajit dans la membrane des 
cellules de,s vegetaux. 0. .R., CX, 1890, p. 646. 
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nieiit with hydrochloric acid, cupric anuuoiuinii liydrafc dissoiN)*;; 
Micm (‘ompletely in a short time. Thus the nmctions 
Man^jin. to trace the presence of callose, pur<^ or a.ssociaii'd wiHi 
cellulose, in the Peronos-poraGem examined, by him., have, shown u;: 
the complete absence of the substance from, the plugs louud in 
Ph. parasitica. These plugs give ail the (lolour and chemical 
reactions for cellulose, Mangin has not only found (‘allose plugs in 
the mycelium of the Peronos'poracerc, but also callose depositions on 
the walls. These depositions as well have la'cn given gicat 
importance by him, as being an important distinguishing elm racier 
istic of the order. The iiiycehum of Ph. parasit'uu has been 
found studded on .its iniier walls with some (h'posit whidi gives all 
the chemical and colour reactions of cellulos(‘ and none ol callose. 
These cellulose deposits are very heautifully seen if the, mwadium 
be first treated with a strong acid, such as phospheric acid, lor a 
few hours and then treated for a very short timci with a waadv 
sohition of cupric ainrnonium hydrate and staiiual with phosphoric* 
iodide after being well washed with water. Tlui inycadium J4ik.<‘.s 
a beaiitifid Wire colour and the stiids on it a darker blue, witlumf 
any trace of yellow in theni. This studded mycelium looks <juit(* 
similar to what is figured by Mangin.' This stiuhhal (h'posit of 
cellulose has also heeii found in sporangia and “ resting (‘onidia,. 
Mangin has observed no deposit on the sporangia, of the Pern- 
nosporacew examined by him, at least he .makes .no numtion of 
them in his various notes on this subject I hav(‘ consulted. 
Callose has been found to be absent even from tlu^ S('pia. The 
beginning of the formation of the septum is seen as ;t. hazy, ill- 
defined, hyaline and. slightly refractive line, running from one wall to 
the other in the midst of a mass of protoplasm. iVhen stain( 3 d 
with iodine and phosphoric acid the septum stands out cleai-ly by 
its faint blue colourin the yellow c()loured protoplasm. This liazy 
and ill-defined line, later on becomes sharply defined and stains deep 
blue with iodine and phosphoric acid. Cellulose thic*, laming tlum 

’ .Mangin, L. .Rechwohes sur les PhonospnnxH. Buti. Son. dMlisl., .Mnl. (l’.'\utnti, 
VI II, lS9n, lig. 8, p, 88, ami fig. 0, p. 90. 
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l)egins 1.0 take place on the side or sides where the protoplasm 
is pi'esent. If the protoplasm disappears from both tlie new cells 
lormed l)y the septum there is no thickening on it. This thickening 
ol tlie septum is found to be of pure cellulose. It is dissolved by 
(Mipric ammonium hydrate and sulphuric acid, no way affected by 
(naistic potash, alkali carbonates and ammonia and stains blue or 
violet with all the cellulose iodide reagents. This thickening on the 
septum is found not only in the vegetative hyphae but also on the 
septum of the oogonial stalk within the antheridium and on the 
aiitheridial septa as well 

These cellidose plugs in hyphse, and cellulose deposits on their 
walls and septa., have been observed by me in the liyplue of Ph, 
Faheri also. 

The sporangia are composed of pure cellulose, except their papil- 
la. As already stated they have on tJieir walls iirt'gula]’ cellulose 
thickenings. At the point of attachment to the s[)orangioph()]’es 
generally a thic,kening has been found, whicli is of pure cellulose 
ami not of callose as ol)served by Mangin’ in tlui other 
PeronosporoGew. 

The resting” conidia have been found to possess three walls ; 
t.he outer, thin and hya,line, is closely applied to the central thick 
and yellowish wall and escapes observation unless it is stained ; the 
inneiMnost wall is thickei* than the outer ])ut thinner than the 
centi’al wall, its colour is masked by the yellow of the latter, to 
which it is not closely attached. Very young “ resting ” conidia 
appai’ently stain yellow with the iodide reagents for cellulose, but 
if they be closely examined a faint coat can be detected around them. 
In very young intercalar resting ” conidia, which have not become 
spherical but are ellipsoidal, a quantity of cellulose is collected at the 
ends. When mature the resting ” conidia colour* blue or violet 
with iodine and phosphoric a,cid or with any other iodine cellulose 
reagent, as the outer wall has become thicker. If they be first treated 
with hydrochloric acid for a couple of hours and then for a short 

1' Maiigin, L. Sur la fie.sart,icnla,Uon dos conidies ehoz Ins Ph-onosporkfi. Bull, Sue lio 
pr., XXXVill, 1891, p. 2:$4, ‘ 
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time with cupric ammonium hydrate the outer wail is dthholvi d. 
if ter this treatment iodine and phosphonc acid stauis ic i ( 
thick wall <|uite yellow and the interior of the comdium apijears 
filled rvith a blue mass, possibly the dissolved rnner wmll. i n 
place of strong cupric ammonium hydrate a wea c so u .lou n ^ i 
reaeeut is used for a short time, renrnanta of the outer thru wa are 
visftle and they stain blue with the cellulose colour reageuls 
Evidently the thicker central yellow wall is of quite ii (Ulleieii 
chemical composition from the other two, wluclt are shown lo he 
of cellulose. Eutheniiim red, acidified Bisinaii; lirown and alum 
haunatoxylin stain the. “ resting” conidia not very aliaiply witlimil 
any previous toatment, on account of the outer coat ot cellnlow' 
on which those stains have no effect. But when -the outer' wal is 
dissolved bv cupric ammoniiun hydrate, acidified Bismai'k bi-own 
stains the central wall brown, which colour is not washed out by 
hydrochloric acid, while alum liamiatoxylin stains it violet blue vei'y 
clearly. Maiigin gives these stains as specific reagents for coniiiotmd 
pectic substances. Ammonia and alkali carbonates liave not any 
action on the thick yellow coloured central wall and tlrei'eforv rt 
is not composed of pure pectose, but of some ooinpound per-.lic 
substance. When treated with sulphuric acid the (‘entm! wall 
remains undissolved, even after a long treatment, while the tw.r other 
walla are completely dissolved in a short time; caristic potash 
does not immediately dissolve it. These reactions clearly prove 
the absence of callose from the walls of “ resting ” conidia,. 

The composition of the antlieridW wall is quite simple. It i.s 
constituted of pure cellulose without any callose. It is immediately 
dissolved by siilphuric acid and cupric ammonium hydrate ; 
ammonia, caustic alkalies and caustic carbonates have no action on 
it ; it reaffly steins blue with all the cellulose colour- r-eagents. 

' The walls of the unfertilised oogonium are composed of prirv 
cellulose. After fertilisation the oogonial wall undergoes modi- 
fication. In the. Peronnsporac-eff investigated by Mangiu', the 


I Mangin, L. Rcfhcrehea sur Ibk Pkmiosforees. Bull. Soc. d’Hist. Nal. (I’Autiiii, Vlll, 
181)5, p. 09, 



oogonium at this stage was found to possess two walls ; the 
internal contained only cellulose and no callose, or if at all 
veiy little, and the external, on the contrary, contained chiefly 
callose and little or no cellulose. In Ph. famsitica it is also 
surrounded by two walls but the outer thick wall is not found to 
be of callose. Congo red,* which stains both cellulose and callose, 
failed to stain the oogonium, though hypha3, sporangia, “ resting ” 
conidia and antheridia were stained. Cold strong sulphuric acid 
had no action on it, even though the treatment was prolonged for 
over a week, alkali carbonates and ammonia neither swelled it 
nor gave it a gelatinous appearance, iodide reagents for cellulose 
intensified its original yellow colour, it was not stained by nigrosin. 
The outer thick wall of oogonia of Sderospora graminicola has 
been found by Mangiid to consist of pure callose and under the 
influence of phosphoric acid this thick wall swells excessively, 
becomes jelly-like and sets free the oospore, but the oogonial wall 
of Ph. parasitica is not affected by this acid, even after a 
long treatment. Malachite green, gentian violet, carbofuchsin 
stain deeply all the parts of the fungus but the stain is washed 
away by the use of acidulated water from all of them, except from the 
oogonium. The same selective affinity for the oogonium is shown 
by Hofmann's violet. 8afranin, Kleinenberg's Hasmatoxylin, 

' DelafiekTs Haunatoxylm and eosin do not stain the oogonium ; 
iodide reagents for ceJluJose only intensify its yellow colour. These 
chemical reactions and stains show that this thick outer wall is 
composed of a chemical substance other than callose or cellulose. • 
The possibility of this thick wall being composed of some pectic 
(impound substance was suggested by its staining beautifully red 
th pnthenium red, which has been successfully used by Mangiir 
fcr detecting’ the presence of comj)ound pectic substances in the 

’ Manj^n, L. Siu’ la callose, nouvelle substance foudarneutale oxisttiul, tlans la ineinbiaiie 
<los ccllul(3S des vegetaux. C. R., CX, 1890, p. 045, 

y Jb/d.^i«Recliorclies sur les Ph'onos'porkis. B\dl. Soc. d’Hist. Nat. d’Antun, VIII, 1895. 
p, 97. 

® tbid., Snr I’eniploi du rouge de ruthenium en Anatoinie vcgetale. 0. R,, CXVl. 
.1.893,^.653, 
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liigiic!' plants. He considers this to be tlie only ivjigent lor the 
products of the iransfonnation of compound pecti(; siibstama*:-.. 
They are dissoH^ed ])y the successive a(;tioii of hy(lrochlt)ri«' arid and 
an alkali. As reconimended by Mangin* the. oosportw were at 
first boiled for half an hour with two per cent, hydroc'hloric- a.c.'id 
and then with two per cent, caustic potash for a long time ; alt<n' 
each boiling they w-erc thoroughly washed. The result was that 
the outer thick coat of the oogonium was dissolved, exposing the thin 
inner coat, which had swelled under the treatment. Tlu‘. oospore 
was lying loosely in it. The sporangia and resting ” eonidia had 
considerably swelled. Iodine and phosphoric acid and tlie oHkm’ 
iodide reagents of cellulose stained blue or violet the swolhm internal 
wall of the oogonium. Eau de javelle completely dissolvial the 
outer thick wall in twenty-four hours. After treatnumt for an 
hour or two, it became quite soft and allowed the cellulose stains to 
reach the internal wall and the oospore. The outer thitik c(uH' 
stained brown with acidified Bismark brown and tlu'. stain, was not 
washed away by acids and alcohol ; it also stained violet with alum 
heematoxylin. The former reaction shows that it is neitlier lignified 
nor siiberised, for the stain given to lignin and suberin by Bisma,rk: 
brown is washed out by acids and alcohol. When. treat:ed witli 
seven per cent, caustic potash for a week or so the outer coa/t is 
completely dissolved a,nd the inner coat is also completely dissolv<3<l 
or almost so ; in the latter case merely a faint halo is visible rouiid 
the oospore. This halo becomes just visible by its taking a l)luish 
tinge with phosphoric iodide. This inner wall therefore', is 
probably composed of some soluble form of cellulose, simila]* to that 
which has been found by M. Hofmeister"^ to stain with zinc- 
chloride-iodide and to be soluble in five or six per cent, of alka li. 

The composition of the outer coat, which, is dissolved by sf'ven 
percent, caustic potash after a long treatment, by eau (h‘ jijvt'lir 
in twenty-four hours and by the successive treatment with hydro- 


1 Miingin, L. Noiivelles observations snrla membrane, Bnll, Bor. lioi.. Fr., XL, !Hb.‘L 
‘i Fic?e Mangin, L. toa, r//., p. 278. 
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chloric acid and caustic potash, which is not dissolved by acids, 
alkali carbonates or ammonia, which stains red with Ruthenium red, 
violet with alum hiBinatoxylin, ‘ and brown with acidified Bism.a,rk 
brown," the stain being not washed out by acids and alcohol, is 
presumably some compound pectic substance. 

The stalk of the oogonium within the antheridium undergoes 
the same modification as the fertilised oogonium, though not to 
such a great extent as the latter. This stalk occasionally has a 
c'cllulose plug like those found in vegetative hypliae. 

The composition of the walls of the oospore could not be accu- 
rately determined. But the outer wall appears to be composed 
of some compound, pectic substance and the inner wall of cellulose ; 
because the solvents of the outer wall of the oogonium dissolved 
the outer wall of the oospore and the undissolved part of it gave 
all the reactions of cellulose ; because strong sulpliurio. acid did not 
dissolve the outer wall of the oospore ; again when the oogonium 
was allowed to be acted upon either by weak solutions of its 
solvents or by strong solutions for an insufficiently short time the 
enclosed oospore when treated with the iodide reagents of cellulose 
stained yellow on the outside and blue in the interior. 

During this work I have found chlor-zinc-iodide and iodine 
and sulphuric acid, commonly used for staining cellulose, to be very 
unsatisfactory as their action is capricious, but calcium-chloride- 
iodide and iodine and phosphoric acid recommended by Mangin 
have given excellent results, especially the latter ; with its use the 
intensity of the stain can be easily regulated by the use of different 
strengths of iodine solution and the stained slides have been found 
to keep well for over two months. 

Media. 

French-bean {Phaseolus vulgaris) juice agar and oat juice agar 
have proved to be the best media. These two media have been 


' L. Siir a constitution de la membrane ties vegetsxnx, C. B., CVIl, 1888, p. 145. 

* 7/oV/., Snv la presence ties coinpns& peetiqnes dans les vegetanx, C. B., CIX, 1889, 
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fuinid to be equally successful for cultures of /V/. Fnhcyi, < Kispnivi; 
of tlic castoL* Pki/to'phthora were produc(‘(,l i.ii (lie.sc ine<ii:i qinle 
liLxinlantly, especially ill juicu a^-ar. Hoth iliesf nirdia 

give a very poor growth of the fungus if they a.iH' otbu than altoiii 
two .mouths. It has been found advi.sabh' to use lr('shiy made 
eultui'es. In old media the fungus grows V(‘,ry slowly aid prodma's 
very scanty aerial mycelium, more scanty s})oran.gia and rai'cly 
oospores. 

The acidity of French-bean juice agar and of oat juice agar lias 
been found to be -4-2 Fuller’s scale for ('acli. b)f laiursi' fhert' must 
liave been slight Awiations in the dilTeiont sets o) ilu'se media 
pre])ared at ditforeut times. The following notes gi\'e a briel 
account of the growth of PliytophPiora ivmn /hcoms on tin* various 
media tiled. 

Fremh-bemi {J^kaseolus vulgar i)^) juice, ugur (oO -i- lO-pdool.- 
Soon after inoculation, the growth was conlhu'd to t he suila,ce id' the 
inedium ; in a couple of days a rich ain-ial growth itf tlu^ myiadium was 
produced which eventually filled the whole tube. The by])luiJ of the. 
aerial mycelium remained imbranduMl for* long distaniu^s ; when 
observed in a mass they presented a regular evim su rfacm Tht' hyplne 
on the surface of the medium showed attempts at liraiichiiig, most of 
Avliieh were abortive, hence aniiTegular thorny appearama' was given 
to these liyphie. The submerged mycelimn. was pi-ofuscly bra nclu'd. 1 1 
also contained irregularly swollen bypbai. Tlu* a, ('rial and sidmu'rgi'd 
myceliiini produced a rich crop of sporangui and " ivsting " tu)nidia. 
As we have seen oospores were luxuriantly formed, ('inlx'dded in this 
medium, but only when it was inoculated with tin', fungus grown on 
another medium. This medium was prepa,rc(J in almost tin' saim' way 
as Liinadiean juice agar by Clinton.^ Fifty grammes of dried lagans 
were powdered in an iron pestle and moi'tar; made, up with about 
300 c.c. of water, then either siinmered for half an hoiii' or coolaal in 
the steam of a Koch’s sterilizer for half an hour. IIk' lat ter course' 
was preferable as in the former case there was a, likelihood of cracking 
the vessel if it were of glass or of charring tlu' poutuh'd bi'ans if it w(u<' 


Clintoa, U. P. loc. cit., 1907-1008, p. 89s. 
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a, metal one, as tlie powder did not always get thorougldy wetfccd by 
die water used. The liquid was then strained off through, a fine wire 
gauze strainer, and 10 grammes of agar melted in a small a.mo iu.it of 
water were added to it, the medium was then made up to 500 c.c. 
by the addition of the requisite amount of water. It was then boiled 
to thoroughly mix its constituents, strained again through a fine 
piece of cloth into test tubes and autoclaved. 

Oat juice agar (50 + 10 4-500). — Growth at first was not as rapid 
as on French-bean juice agar. But later on the aerial mycelial 
growth was as good as in the latter. Both the aerial and submerged 
mycelium resembled those in French-bean juice agar, but the budding 
hyphre of the submerged mycelium were more promine.nt i,n this med- 
ium, especially near about where oospores were formed. Sporangia 
and ‘‘ resting ” conidia were freely formed. Oospores were not as 
luxuriantly produced as in Frencli-bean juice agar. Even in this 
medium they were found only wlien it was inoculated with, a, culture 
grown on anothei' medium. Stab cultures produced a very poor 
growth, lioth of the vegetative and reproductive organs. This 
medium Clinton found to be successful for the formation of oospores 
of Ph. infestam} 

Clinton gives a very eia})Oj-a,te metliod for preparing this medium 
but our simplified method lias given us a medium in which oospores 
have been fairly richly formed. Fifty grammes of crushed oats 
such as are fed to cattle on the farm were cooked witli about 300 to 
350 c.c. of distilled water for half an hour in the steam produced in a 
Koch’s sterilizer. The cooked material was then strained through a 
wire gauze strainer ; to the liquid was added 10 grammes of agar dis- 
solved in a sufficient quantity of distilled water to bring it up to the 
required 500 c.c. The medium before being poured into test tubes 
was boiled again for a short time in order to thoroughly, mix th.o 
ingredients. The test tubes were then autoclaved. 

Maize corn meal agar (50 + 10 + 500).— This medium wa,s prepared 
by boiling the meal in water and. mixing it with agar dissolved in a 


' Clinton, G. P. /oc. cit., 1900-1910, p. 7G0. 
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sutiicicut {[luiiitity of wat(M.’ to bring tlie wholo, up to oon r.f. T1 h> mi x'- 
turcwaw brought to tbc boil a, tiiroiigh liuon hi'iniv lilling 
the tubes. The aerial growtli was coph) us but at first sleriic. sporaugia 
were forincd after a week. Hubiiierged liyplue wera iri'egtiiarly s\\ oHcn. 

Maize corn meal. — This jnodiuiu was prt>par(*d by adding the 
meal a sufficient (,|uautity of water to k(M^]) tin*. iiuHiiinii inoisl 
after it was autoclaved. The fungus growth was vmy gotxl. A 
rich crop of sporangia was obtained. 

Potato juice agar (150 + 10 + 500),- -(irowth in this nuHliuni was 
not localised ; it was mostly in the substance of tlu' medium and t luu’e 
was a very sparse aerial groAvth. The submergx'd mycelium dilTet'i'd 
from the aerial in being broader and irrt'gularly brauclua I . Spora iigla 
were fornied freely both in the aerial and submerged luyt'cliiim l)ut- 
none of these were found to produce zoospores. They gcvrininated 
conidially without falling off from their coiudiophores. ihey wei't* 
abnormal both in size and shape and contained a lot of oil globules : 
an extreme measurement was 110 to 35;^ (Plate V, Fig. 14), but wlien 
a bit of the mycelium was transferred to wattn- normal sporangia 
were produced in twenty -four hours. ''' Resting " (.‘onidia. wer(‘ 
liberally formed. 

Boiled rice . — For the production of aerial mycelium no mediuiu 
except wheat meal was found to be better. The mycelium ditl nol 
produce irregularly branched or budding Iiyplian At fii'st only a- 
sterile growth was obtained, but about <‘i month later a few sporangia, 
and many ‘'resting” cojiidia were produced. When a sPuih' (uih 
ture was incubated at about a very poor cro]) of s])omngi.a. was 
produced vdthin a couple of days, possibly on account of tin* sudden 
change of temperature. When a hit of the sterile mycelium was 
transferred to water, sporangia Avere soon formed. 

Wheat meal . — This was prepared in the same way as maizi; coi'u 
meal. It proved superior to boiled rice as it ga,vc a moiA' copious 
aerial mycelium which readily produced spomugiii in, abumlunce. 

Bread paste ( + 10 Fullers scale). medium, was piv.- 
pared by mixing i;)o.wdered stale bread with a sidlichmt amount of 
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water to keep it moist after sterilization. Aerial growth was as good 
as on maize corn meal. A very poor crop of sporangia was produced 
after a fortnight, but many resting ” conidia were formed. Sporan- 
gial growth was as poor in the — 5 Fuller’s scale bread paste. In 
neutral and + 5 Fuller’s scale media, sporangia were produced in 
a fairly good quantity. 

Rioinus leaf juice. — ^This medium was made by boiling about 15 
grammes of green leaves in 100 c.c. of water. The growth was poor, 
the mycelium had no irregularly budding hyphae. No sporangia 
were produced. 

Ridnus leaf juice agar (100 + 7 + 500).— The growth was sub- 
merged and localised. Vegetative hyphae branched in a coral- like 
fashion. Sporangia! formation was very poor. 

Ridnus seed juice, agar (12 + 5 + 500). — -This medium was pre- 
pared as follows : 12 grammes of seeds, with their hard seed coats 
removed, were slightly crushed and boiled in about 100 c.c. of water. 
To the filtered decoction was added 5 grammes of agar, dissolved 
in water and the whole mixture was made up to 500 c.c. The 
fungus grew moderately well on this medium. Growth was con^ 
centric round the point of inoculation and it was entirely submerged. 
The vegetative mycelium had only a few swollen or budding 
hyphse. Sporangia, were copiously produced. 

Ref tone water {Dunham’s solution). --—There was a moderately 
difiused mycelial growth. No sporangia were formed. 

Peftone Bouillon. — The growth, was not so good as in Peptone 
water ; the vegetative mycelium contained abnormally broad and 
budding hyphae. 

Peftone broth . — The fungus grew very poorly on this medium. 
Vegetative hyphae were irregularly branched and budding. Sporan- 
gia were formed. The mycelium growing within this medium and 
on several other media, resembled the sterile, aquatic mycelium of 
Pythiacystis ditrofhthora, Smith and Smith, grown in dilute prune 


juice agar (Plate V, Fig. 16). 

Groundnut agar. — ^Tweiity seeds of groundnut powdered in a mor- 
tar were l^oiled in 150 c.c. water for two liours^^^^j^teS'h^^d mixture was 

2. < library, 
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allowed to stand for 24 hours. The siipemataait Ihiiiid was liileivd. 
mixed with, 7*5 grammes of agar dissolved in wadee and was nia.di' 
up to 500 c.c. The mycelium radiated from the poitii. oi iiiocuialion. 
The growth was fairly good but submerged. Tin' va^gv.lai iva' h_\'|>ha' 
were broad and budding and branched at right angl<‘s. They weiv 
full of large oil granules. They presented a warty appearaiua' oti 
account of many of the branches failing to make furtlnn' })r()gs-ess 
after they had originated. They were at some places so broad i.hal 
they looked as if they were galled. Sporangia were few and scatteinu 1 . 

Jowar {Sorghim vidgare) agar . — The .medium was mad(' up in 
the same way as groundnut agar except that 1 ounce of W(dl ground 
jowar grains were used instead of gmimdmit seeds. The (Millurc 
on this mediiiin was in every way the same a, s on groundnut. agai\ 
except that there was a little aerial mycelial growth and that the 
sporangiferous hyphas also branched and budded like tin* vegi'ta • 
tive hyphae but not so much. 

Potato slab . — The aerial growth was quite luxuriant but was 
never found to be fertile. The inoculation succeeded only on the cut 
surface and not on the peel, just as in the living potatoes. 

FrencJi-hean fowd^er. — The aerial growth was fairly good. Very 
few sporangia were produced but there were .many resting ” 
conidia. 

Glucose meat-extra, ct eg/ur.— This medium consisted of : 

Extruct of Leraco 
Sodinin chloride.. 

Peptone 
Glucose 
A},w 
Water 

The growth was wholly within the medimti, and not iot-alisi'd. 
Tlie fungus gave the surface of the niedium a rtiuglu'nt'd appt'araiioc 
as if it had bacterial contamination. The iiyplnt^ wtn-c fertile, 
irregularly branched and swollen as in groundnut agar atid other 
media. 
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M.eMt-vxlra(i gelatim.—Th-Q growth was very poor. N(j spo- 
r-;ingi, a were produced. 

Dolic'hos lim heans.- — ^The growth of the iiiyceliiiiii \vas over 
oiie-tJiird inch liigh. Sporangia and ‘‘ resting ” conidin wei e foriiKu! 
hi abundance. 

Prime juice agar, — This medium was prepared by boiling piaines 
in 100 c.c. water for 5 minutes and adding to the filtered decoction 
7 ‘5 grammes of agar dissolved in water, making up the whole mixtiire 
to oOO c.c. The growth was not very poor. The mycelium con- 
tained irregularly swollen budding hyplise. Sporangia were poorly 
formed. 

Prune jaice aga/r acidified with oit/ric acid. — On this luedinm the 
fungus grew fairly well Init the. mycelium remained sterile even one 
month after inoculation. The hyphae did not contain iiTegulai* 
branches or abormal swellings. 

Sterilised slabs of carrot, sweet potato (Lpomoea batatm) a.n.d of 
corms of Colocasia awtiquorum did not give the slightest gi-owth of 
the fungus. 

Cultures were also made on sterilised flies and ajits in sterilised 
water but they gave a very poor growdii of hypha3 and sporangia.' 

Inoculation Experiments with, and affinities of, Ph. 'parasitica. 

In order to test the affinity of Ph. parasitica witli the various 
species of this genus, a. numljer of inoculation experiments were 
undertaken on as many of their host plants or tlieir allied species 
as were available. Inoculations were invariably done by means of 
suspensions of motile zoospores in distilled water taken from 
pure cultures. The inoculated plants, seedlings and cuttings were 
covered with bell jars and the inoculated fruits were placed in moist 
chambers to keep them constantly in a moist atmospliere. Tlie 
checks ” were kept in exactly similar atmospheric conditions. 

Fruits of Cacao, two species of Oenothera and of Cereus were 
obtained through the courtesy of Mr. C. Mahaliixmiwalla, Superin- 


Gj . Coleman, L. C. loc . cU ., p. 71. 





teudeiit of the Victoria Gardens, Bombay ; plants of lilac wt'iv kindly 
supplied by the Superintendent, Kumaiin Government- (hiitiinis. 

Young plants of Solmmm tuherosimt wer(‘- iiioculabHl with 
zoospores. The plants showed signs of disease in twenty •"lour 
hours. The leaves turned black and shrivelled up as il at-taelv(Ml by 
Ph. infestmis] and the plant wilted (Plate Vlll A). No sporangia 
were formed on the diseased parts but if they were transfencd to 
water sporangia were readily produced. When a very tender stem 
was inoculated, from the diseased area a web of aerial stc'rile my- 
eeliiiin was produced. The diseased area extended both. ways. A 
thick or an old stem took no inoculation, even when wounded. 'lh(‘ 
disease remained localised on inoculated mature leaves. Tulsu's 
could be inoculated only through wounds. They prod uc(‘d a rich 
aerial groAvth of mycelium but this was always sterile. 

Beedlings of Solammi lycofemcmn, about four to six indies Jiigh, 
took the inoculation within two days (Plate Vlll B). The .])}iolo 
was taken three days after the plant was inoculated. Tire seedlings 
soon wilted. No sporangia were produced on tlnun but sis*- 
tions showed the presence of Ph/ytophthofa hyphm. When lea-ves of 
older plants were inoculated they got blighted and blackened near 
about the point of inoculation ; the diseased area wa.s always localised, 
even when growing points of big plants wei'c inoculated, hruits 
could not be inoculated, even when wounded. 

The inoculation proved fatal to seedlings of Solautim 
only when they were about four inches high and bor(i two or three 
small leaves. In this case also no sporangia Avere produced. The 
eliect of the inoculation in the case of big mature leaves was localised. 



Lilac plants did not take the inoculation vigorously. Inoculated 
leaves turned black. Sporangia were produced only wlum tlu' discs-is- 
ed leaves were placed in water. The leaf buds did not gi‘t attacluMl 





Avlien they we.i,-c surrounded by a Jacket of water containing motih 
zoospores. This jiiethod was used Avith success by Klebalud ii 
inoculating leaf buds of lilac with P/i. Syringw. 


Klefaalin, H. he. cit., p. 55. 
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Pljiiitw of two Hpocies of Oenothera took tJio i,DocLilatio]i. (juitt; 
roadily in tlu.ve. days, both on leaves and stems. The inoculated 
an*a. l uiaied brown at first and then black. Both terminal and inler- 
calur s])ora,ngia were produced on the surface. 

tialpiglossk variabiUs, Gilia nivalis and mixed spp., Clark la 
ehjans, Sehizanthm retusa and mixed spp., and Fafppyrimi esoiderd^^ 
])ecame victims of the inoculation. Only young seedlings were 
(.experimented upon. 

Opuntia DlUenii and two species of Cereiis could not be in(-)culat- 
ed even through wounds or on growing points. Cacao fruits and 
appl(\s, ('.veil whcjL wounded, did not take the inoculation. The 
fungus could not attack leaves and corms of Goloeasia antlquornni, 
seedlings of Lepldiiun salivam, cuttings and plants of Panax, tobacco, 
Cleonie sp. (even when incubated at ,18°0.), four species of Jasmwmm, 
Phaseokis kmatiis and Phaseolus vulc/aris. Ai’eca nuts, only wlien 
inoculated through wounds, produced a copious aerial mycelial 
growth in four days (Plate IX B). Sporangia were borne 
o:u long stalks, tliey were not sessile as in Ph. om/mmra, var. 
AreemJ 

In J Line, 1912, Sesamiim vndioum was sown in a field where castor 
was grown the previous year. Stray castor seeds fallen from the 
pickings of that year had germinated in J une. About fifty per cent, 
of them were attacked by PhylophtJiora. When the seedlings of 
Sesanium indicMm grew up amidst these surroundings they were found 
to be attacked by a Phiftophthora. The leaves had blackened and 
got curled exacth^ like the leaves of potato attacked by PIl 
infestans. The attack was not very severe, only a few seedlings 
being killed outright. It remained confined only to seedlings about 
eight to twelve inches in height. The sporangia resembled in size 
and shape tliose of the ca.stor Phytophtlma. The zoospores success- 
fully inoculated .ca,stoi- seedlings, producing the same effect on them 
as if they wcu'e inoculated with Ph. parasdim. Seedlings of Sesa- 
niiiin, 'Oidicfcrn pi'oduced the characteristic leaf curl when inoculated 
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with 'Flu farasitica. These successful cross iiiocniations show 
that the fungus is the same ill both these cases. 

The infection experiments show tliat son le ( > I' 1 1 1 < ‘ | > 1 ; 1 1 1 ( s i 1 1 i i ( i 1 1 c 
susceptible to infection by P/n otnnivora, FJl omniront, vai-. Jrrrf/ 
and Ph, Faberi can be inoculated by the Phylo'ithihai'a, nn(l(*r iiix'esi i 
gation as well. Though seedlings of Ofef Phi c/cj/u/^v, (////u )iiralis 
and mixed spp. a^iid Schizcmthis rehisa a,iid mixed sp[). died of IIh* 
inoculation, no sporangia were found on them till they wen' {)ia('ed 
in water for about a day. Sporangia are, howevi'i*, profluced (ni i lie 
surface of these seedlings when they are inociilab'd by any of (lie 
above three named species. Coleman found nof. only s|)orangia biil 
oospores as well in the tissues of Glarhia inoculated with (he aivca 
and cacao Phyfsphthoras, so did de Bary in sc'cdiings iiioculati'd with 
Ph. omnivom. An important difference ju’i'st'uli'd l)y tin' easlor 
PhytophtJiom. from Ph. om/mmra,^ Ph. onmivora. \'ai‘. Jmucr Ph. 
Faberi and from Ph. SyringcP as well, lies in (he foi'uuu’ not iuoeii 
lating Cereus even when wounded ; while th(‘- latlei* four readily 
infect it and produce in its tissues oospores as well. Lepldi-iDit safh 
vuni and Cleome are susceptible to the at(;ach of Ph. onni./mra. bui 
not to that of the castor PkytAyphthyra. De Ba,ry failed (o inoeulafe 
Solanum, kiberos'um and LycAjpeyswum and Colema.n su<‘e(>('dcd in 
inoculating only their seedlings and those of Solmumi Meltnuji'iia. 
My results are identical with Coleinan's. Even Itmugli (he easlor 
Phytophtliora inoculated some of the hosts of Ph. i>iiin.irni'a. s'ar. 
Arecoi and Ph. Puhm, still no relationship can be elainu'd for (hem 
with the former as it failed to inoculate wounded and un wounded 
fruits of cacao, and the cacao Phytophthora did not cross iiioeidati' 
seedlings and older plants of Ricinus, while areca nuts <*ould !>,■ 
inoculated only through wounds. Sporangia were noi si'ssilo as 
those of the areca Phytophthnra but they w<'r(^ lauau* on long 
stalks. 

1 H. luv. cit., p. (i!). Hitnniclbanr, W. Zur Keiuiliiis Ucr flniU.phllmiu. \u:. 

(luiu Jiilirbucb (U-r Hambiirgisflion Wiss(>n,schiifUich.*n Ansl,a.l(.i-n, XWI II, Kilo, p. -1 1. 

Uoloiuiiii, L. 11. /m;. c/1, p. 178. 

'■5 Ivlebalm, tl. he. cit. Jlimmelbaur, W. /oc. cit. 
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VVlia.tevei* affiiuty the inoculation experiments reveal between 
tlie fungiLs u inter study and Ph. omnivora, Ph. omnivora, va,r. 

and Ph, Faheri, the study of these fungi in pure cultures shows 
vtuy little in. conymon between the first and the last three. Hartig' 
found oospores of Ph. Fagi in water cultures. His results have 
been (.‘onfirmed by de Bary- and recently by Klebahn,'^ who studied 
Ph. omnivora from beech seedlings in pure cultures, and by Himmel- 
baur.^ whose careful study of Ph. Fagi, the cultures of which were 
supplied to him by Klebahn, and of Ph. caetorum have brought him 
to the conclusion that tliese two species cannot be merged iiito each 
other, under the common name of Ph. omnivora, as is done by de 
Bary. He also got the oospores of Ph. caetorunP in water cultures. 
Though ] have worked with water cultures of castor Phytophthora 
for months together I have never found the slightest trar;e of tlie 
formation of oospores in these cultures. Klebahn also succeeded, 
in growing Ph. omnivora on sterilised potatoes and carrots, on which 
media ]).ot only sjyorangia were formed l)ut apparently oospores as 
well. Ph. Syringce has also produced oospores on carrots and 
Coleman has foumJ oospores of Ph. Fabvri on sterilised potatoes. 
The castor Phytophthora thus disa grees with these fungi by not grow- 
ing on sterilised carrots and by producing on sterilised |)otatoes like 
Ph. omnivora, var. Areem only sterile mycelium and that too only when 
inoculations were made on the cut surface or on the wounded rind. 
Ph. omnivora, var. Arecw luxuriaaitly produced sporangia when 
grown on sterilised flies and a rich sterile mycelium on boiled rice. 
The castor Phytophthora thus differs from this fungus in growing very 
poorly on sterilised flies and producing sporangia and “ resting ” 
conidia on boiled rice. 

The most important difi:erence presented by the castor Phytoph- 
thora from these and all the other species of this genus, except Ph. 


' Hartig, R. loc. cit., p. 45. 

^ De .Bary, A. Untersticliimgen. iibor die Peronosporeon und Saprolegnicen. Beitriiue ziii 
Morph, inid Physiol, der Pike, .1881, p. 22. 

3 Klebahn, H. loc. cit., p. 7.1. 

^ Himmolbaur, W. loc. cit., p. 50. 

® IhuL, p. 54. 
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C(>loeasiw\ lies in tlie de^n^lopmellt of tiie scxin orfi?jUis. In m? nlhin 
P]i{jlofMhorae.KQ:e.^^^ OolocmicrAmf^ the () 0 <^n)niuin been itiveriebi; 
found either to originate froni, within the {iiitiuuidimu oi* lo 
from a separate stalk which penetrates the a.nt.luu'idiun) and 
through it. Clinton, indeed, is not certain that; in Vh. l^hasrolr tin' 
oogoiiial liyplia may not sometimes penetrate th.e antheiidium. ^ m ig- 
ing from Iris microphotographs it seems that tlic oogonial stalk ii<‘s 
within the antheridium but his earher drawings of these oospores aie 
different from the microphotographs. Hartig'^ has found in Pl>. 
oogonia in rare cases seated on antheridia and from his ohstu-va- 
tions of these sexual organs, evidently matiing he suppos<'S liie bast- 
of an oogonium to have blown out into an antheridium. lie sa\‘s : 
“ Ausnahmsweise und zwar vielleicht danu, wenn in. niiciisim’ Niiln* 
des intereellularen Oogoniums kein ander-weit(‘s Myenl sicli tiiabu. 
von dern aus die Entwickelung des Antheri.<liums erfoigeii kaim. 
schwillt der Oognientriiger nmiiittelbar iinter dcm Oogonium l)lasig 
ail und wild direct zum Antheridium, wie Fig. 24b zivigi . So d(‘ul{' 
ich wenigstens die zuweilen auftretenden Stellnngmi des Oogoninins 
anf dern Aiitlieridinm selbst.” The lignre to which llartig ivfers 
bears some resemblance to our .figures ; thei'c seems tlu‘r(d'or<' sonu' 
probability that the oogonium which, he found seattMi on an antin^ri- 
diiira had arisen from within it. I)e Bary does .not mala* any imm- 
tion of the type of antheridium observed, by Mai.’tig. K k'baJm who has 
recently studied Pli. omnivora (o])tained from seedlings ol'be(M:h)' in 
pure cultures, also does not seem to have come acjross such an ani luu i- 
diiim, foi' lie makes no mention of it, nor does .H.hn.m(‘lba.ur in his 
more recent researches on Ph. Fap and. Ph. cadonmi reh?r to il. 
Blit supposing what Hartig calls an hypogynoiis antlieridiiim to !)eiu 
reality an antheridium, through which the oogonium has original < si. 
still the castor Phytophthom has other points of disa,gi‘e.(mi,<‘n,l from 
this fungus, besides those already found frominociiiatioii <‘xp<'rim,(‘nls 
and from the study of their growth, on artificial cultur(‘s. Ilarlig. 


See fcHitiMott: (> on p. 18i). 
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(le Baiy, Kiebalui and Himmclbaur liave found oospores being 
devel()]:)cd in the ordinary way, viz., by the sexual oi'gans arising 
(dther from two different branches or* from two different stalks of tiu'. 
same brancii and the antheridinm meeting the oogonium to fertilise 
it by means of a fertilising tube, while the formation of a hypo- 
gynous antheridinm was only occasionally met with by Hartig. 
On the other hand in our FMjtofMhora this customary mode of 
development of the sexual organs has never been found. Again 
the oospores are smaller than those of Ph. onmivom. De Bary 
does not give any measurements of oospores of Ph. omnivora but 
he says that they fill two-thirds or four-fifths of the oogonium, which 
ranges between 24 and 30 /a in diameter. Klebahn gives no measure- 
ments at all. Himmelbaur found the oospores of Ph. Fagi to be 
yellowish and ranging between 22-30/i in diameter, and those of 
Ph. cactormn brownish and measuring 30-40/x in diamete]*. While 
the oogonia of the castor Phytofhthom measinre as a rale 18-25//, 
on an average 23*8//, if we exclude tlie secondary thickness 
formed on the walls of oogonia found in oat juice agar ; and the 
oospores are hyaline and measure 15-20// in diameter, on an. average 
18*6//. The oospores of the castor Phytophthom being both lateral and 
intercalar would seem to offer a point of dift’erence from Ph. omni vora, 
but much importance cannot be given to this ; both Hartig^ and 
Klebahn* have found them to be mostly terminal in Ph. Fagi while 
Himmel])au.T‘^. who had the pure culture of this fungus from Klebahn, 
found them to be mostly intercalar. 

Froip. Coleman’s figures it cannot be definitely determined 
whether or not the antheridinm of Ph. otnnivora, var. Areece con- 
tains the oogonial stalk within it ; from his description of the mode 
of fertilisation it is quite evident that it takes place by means of a. 
fertilising tube, which has never been found in the Phytofhthom on 
(‘-astor. Again the oospores of the former are much larger; they 
measure 26-30/' in diameter. 


1 HiU'Ug, R. he. ciL, p. 49. 

- Klebahn, II. loc. cit., p. 72. 

8 Uinnnt'lbanr, W. loc, cit., p. 50. 
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FJl Faberi not only shows points of disagreeinont in inonniation 
experiments and in its growth on artificial media l)ut. also in ils 
oospores. Both von Faber and Coleman consid<n’ Ihem lo bt' 
parthogenetic, as they failed to find antheridia; but llort'r' has 
found them as his figure (Plate XVIIl, Fig. 14), distuictly shows I in* 
presence of an antheridiiim. He has also found cldamydospoi’(‘s, 
which neither of the former investigators seem to have found. Per- 
haps as already stated they have mistaken these chlamyd os })or('s lor 
parthogenetic oospores. x4.ccording to von Faber the oos])ores nu'asui’e 
45m. in diameter, while Coleman says they are 22-4r)M in dianK'ter. 
Borer measures them between 38 and 40m and the clda.tnydosfjojvs 
betAveen 30 and 50m. Whichever of these measin-enuuits aiv coi-rtat . 
they show that tlie oospores are much bigger than thos(' of ilu' 
castor Phi/tophthora. 

Apart from the already noted differences that exist. IxO.wtHMi PJi. 
Syrmgm and our Phytophthora there are also those of sporangia a.nd 
oospores. The sporangia of Ph, Syringw, unlike those of the otJier 
species of the genus, have flat lid-like papillae instead of ra.ised H(U-n.i- 
globular papilla?. The oospores are yellowish aiicl much bigger. 
According to Himmelbaur they are 30m in diameter and according to 
Elebahn 18-30 X 17-25m. 

As we have seen Ph. Phaseoli perhaps oficrs some resembla,nfT‘ in 
the mode of the development of its oospores to the Phytophihoni im 
castor. But a study of these two species leaves no doubt as to tiun’r 
being quite different from each other. The mycelium of the Atneri- 
can fungus” is only intercellular ; the hyphse emerge singly or 
several in a cluster solely through stomata ; the coiiidipliorcs am 
simple or, unlike its Indian ally, more commonly branched a,t the 
base ; they measure 300-475m in length ; while those of Phylopk- 
tliom on castor measure, as a rule, 100-300m. Again the forrnei' have 
on them half a dozen or more nodulose swellings which show the, 
points of attachment of sporangia and the sporangia mea.su^■(^ 
17-35 X 28-42m. These swellings have never been found on tlu? (ioni- 


1 R(n-ev, J. ,B. loc. cil. 

Thaxtfii’, K. A now Amorioaii Phytopht/iora, Bofc, Gaz. XIV, No. 11, ISSi). u. 
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diopliores of the latter as they bear only single terminal sporangia 
which are bigger. The antheridiai differ from those of the castor 
PhytophfJiora in being temporary ; the oogonia are miu;h biggei*, as 
they measure 23-38m in diameter and loosely envelope the oospores, 
which measure 26-28m in diameter and possess a thicker wall. In 
corn meal juice agar, Chnton" found practically no aerial growth but 
a slight embedded growth in which oospores were developed. But 
our fungus formed a fairly good aerial growth producing sporangia. 
Oospores were never developed in this medium. Again in corn- 
meal there was practically no growth, but on this medium the 
castor FhjtopWiora gave a copious aerial growth. 

Ph ThMctri, which Clinton^ suspects to b<^ identical with 
Ph. PhaseoU, differs from our fungus in having larger and branched 
conidiophores, smaller sporangia and bigger and. moi'e thick-walled 
oospores, which, do not differ materially from those of Ph. Phaseoli. 
The oogonia measure 25-33 m, are reddish brown and loosely envelope 
the oospores, which have. 3-4 m thick walls and are 18'5-25/u in 
diameter. 

Ph, injestmis presents no point of agreement ; the sporangio- 
phores are branched' and nodulose, the sporangia are smaller (27-30 x 
.15-20/a) and the oogonia and oospores much bigger (34-50// and 24-35/a 
respectively). 

There is absolutely no relationship between the Phytophthora 
on castor or Ph. Colocasiw and Ph. Nicotmiw, as apart from 
morphological differences, the castor Phytophthora failed to in- 
oculate tobacco seedlings and Colocasia antiquonmi and the parasite 
of the latter did not cross-inoculate seedlings and plants of 
castor. 

It is clear from all that has been said above that the Phytophthora 
on castor is quite diff’erent from the known species of this genus. 
I therefore propose to name it Ph. parasitica nov. spec. 


I Cliutou, G. P. loo. cit., 1905, p. 293. 
a Ibid., loc. cit., 1907-1908, p. 905. 

S Ibid., p. 894. 
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Pl[YT()IMIT10 I^VIIASJI’ICA N(t\'. Sl'KC. 

Maiuilis orbkukiil arcscciil ibu.s, dilult* 

unibiimis, aniilatiSj soliUriis v<‘,l ('onfliKMitibus ; iny(*‘‘lio intci fual ricali, 
exhyphis iiitoceK^^ primo {'oniinuis latuban srpialis, 

3-9/x crassisj constaixtibus ; liaiisto;r,iis spa.!*sis, digitalis vt‘! stib- 
globosis, raro raiiiosis, sporangioplioris ,{()() to 300, u JoiigiK, sporaagis 
termiiialibus, interdiim intercalaribus voi laltM'aiibus, plci-uauiiu' 
ovoideis, subiiide globosis 25-50 x 20~40/x ; i5oosj)oris 8-12xr>-.S/x; 
sporis perduraiitibiis globosis, flavidis, 20“(>0,«, meoibiTtiia crnssa, 
levi ; oogomis et aiitiieridiis in vitro tailtis ; oogoniis ijiti'‘r('a!ai‘il)U,s 
vel lateralibua, globosis, levibus v el rugosls, melbas. 1 8-25^ (2:>\S/i), 
ixedicellis per antlieridia penetrantibiis ; oosporis globopsis, 15"20«, 
{ ), ineinbrana era,ssa, inellea, levi. 

Hab. in foliis Reniinisqne Ricdni communis et Sc'.siiini inilici. 
Indise orient. 

Note . — While this p:i])er \v;im in llie press rorilijolin Irom Thieea ivtui SrstrnriiiH iwlivtivi 
i'rnni Kuliaranpiii* were reporUal to be allackj-d Plnilophtlntm, 

lu nature the pavasiei en fonllfofiti has lieen I'ouiul only on the Hovvers. n(‘althy 
llowers, leaves ami stems of this host \\ei'<‘ inoenialed wilh /'//. '/xiniNilicii,, 'I'lie inoenlid ioii 
])rov(‘(-l sueeefssful only in the (‘as(‘ of llowers. II seems, therel'oie, not iinprohn l/l(i ilml ilii‘ 
speeies com'erned in the l)ac('a s])eeiuu-ns was Pli. luirdsitiea. 

The disoaml leavt's of ,'^rxiuttinn iinticinii have <'haraeicristie roniid spots wltleli are 
eil her .solitary or eonflnent. On the upper sin i'aee they have a brownish eentre, . uri ouiid< (l b,y 
a whitish jiale or dull, green area whit-h in turn lias a brown areola. On the lowfr in hue (be 
brown eentre is surroundod by a more dull green area which has an areola of a [lale blow n i olonr. 
Sporangia homo on long sporangiophores, wliieli resemlile l.hoso of Ph. 'inu'dtillivii on t-astuv 
leaves, are found on the upper surface. They are slightly .smaller than (hose tonml on ea' lor 
leaves hut they agree well in .shape. 



EXPLANATION OE THE PLATES. 


PLATE 1. I 

Upper and lower surfaces of a diseased castor leaf. 

PLATE 11. 

1. Surface view of a castor leaf showing sporangiopliores emerging tlirough 

stomata and between the cell-walls of contiguous epidermal cells.— 
Somewhat diagrammatic. Drawn by Dr. E. J. Butler. X S20. 

2. Transverse section of the stem of a castor seedling showing tlie jiresivuce 

of liyplne in the vessels and in the bundle sheath. Di-awn liy Dr, 
E.J. Butler. X 320. 

3. Longitudinal section of a pitted vessel showing a hypha leaving liu'ougli 

a pit. X 040. 

4. Transverse section of tlie woody portion of the pericarp of a iriiili 

showing the hypluo boring through the liguilied cell-walls l>y means 
of fine projection tubes. X 040. 

5. Transverse section made at the collar of a castor seedling showing 

palmately branched li}^pluc in cells of the cortex. X 040, 

0. Transverse section of a stem of a castor seedling showing hypJno 
swelling into globular beads just underneatli the epidermis Iwfore 
breaking through it. X 405. 

7. Transverse section of a stem of a castor seedling. A cluster of livjihie 
breaking tlirougb the epidermis. On the left is the swollen liead 
of a hypha just below the epidermis. X 405. 

PLATE 111. 

, 1. A sporangium producing a biglily brancbcd vegetati\’c myi'clium wlien 

kept in the dark for twenty-four hours. (From a v'atcr culture.) 
X 100. 

, 2. Transverse section of a stem of a castor seedling. A is an intracellular 

branch of an intercellular hypha. At B arc linger-shaped iiaiistcria. 
X 405. 

, 3. Button sliaped haiistoria. X 405. 

, 4. A branclied hau.storium. X 405. 

,, 5, Transverse section of a castor leaf. Two germ-tubes enteiiug it i hrough 

a stoma. X 405. 
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Fig'. 0. A germ-tube entering a castor leaf by breaking through tlie u|)pcj wall 
of its epidermal (iell. X 405. 

,, 7. A g(u‘in-tube entering a castor leaf between the walls of two roii- 

tiguous epidermal cells. X 405. 

l^jgs. 8 — ]1. Surface views of castor loaves showing the thn‘e wavs in w'lti<‘li the 
germ-tube enteivs the leaf. In Fig. 10 the genu -1 u he ci'osses oN cr a 
stoma before enteiing the leaf. X 405. 

PLATE IV. 

Fig. 1. Papilla sw'elling into a vesicle in which the sporangiuin i.« di.schargm.g 
mature zoospores, (i^ixed w'ith iodine.) X 405. 

„ 2. An advanced stage of the same. (Fi.'ved with iodine.) X 105. 

j, 3. Tlie vesicle has dissolved; the zoospores are still clumped 'iogeiluir. 

(Fixed with iodine.) X 405. 

,, 1. The papilla, has dissolved but the zoospores are still williiii llie 

sporangium. X 405. 

,, 5. The discharge of zoospores iu the iiormal way. 'J’la^ z<lO,S|)or(^ that is 

just out of the spora)igium is linked to tlm one iminedialely lailiind 
it by a proto])lasiuic neck. X G40. 

,, f». Zoospores. A shows two zoospores linked together by a j)rotot)Iasmic 

neolv and possessing twu) cilia. X 640. 

,, 7. A zt)osp()]'e which came to rest at 40-20, X 640. 

Figs. S — 24. >Surcas.sive stage.s iji il-sgennination. Fig. 8 drawn at 1(1-35. Figs.lito 
14 drawn at intervals of five minutes. Figs. 15to 21 drawn, at li-U,), 
11-45, 12. 12-35, 12-45, J-20, 1-40, 2, 2-25 and 3-15 nssjieetively. 
X64(), 

Fig. 25. (lorminafcion of zoosjau-es by two germ-tubes. X 610. 

,, 26. A motile ma.ss of ])rol,ophisni with live visible cilia. (Freehand draw'ing.) 

,, 27. The .same in its re.sting stage. Drawn at 10-30. X 405. 

Figs. 28 — 34. Successive stages of its germinal um. Observe i he gradual dis- 
appearance of the outer wall. Tlmse ligures were drawn at 10-45. 
10-55. 1 1-5, 1 1-25, 12-10. 1 and 3 respeci ively. X 405. 

Fig. 35. A sporangium genninathig into a secondary spoiauniuiu. X 405. 

36, A bi-paj)iUate s]>ora.ngium, X 4.05. 

„ 37, A sporangium producing in water cultures .secondarv and tertiary 

sporangia wlien kept under normal conditions for twauily-four 
hours. X 1 00. 

:plate V. 


Fig. 1. Typic.al aerial inycelium growing on Bh'ench-lKaiii juicr agar and oat 
juice agar, (a) A ‘‘ I'esting ’’ conidium, {!>) an iulercaliir spm'auaitmi. 
At (x) are cellulose deposits on the inner w alls <)!' ■( Indiypha, TIh!\ 
have partially chased the hypha. The lowcnauosl sporangiuin also 
shows-ap cellulose deposit on its inner \vaJl and ju.st above its point 
of attachment to the sporangiophore. X 406. 
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HyphiB on the surface of the same two media. 

(a) Submerged hyphae ill the same two media. X 405. (b) Typical 

swollen budding hyphse near about oospores in oat juice agar. X 405. 

Difi'erent kinds of septa. In (d) two cellulose plugs (x) grow in from 
the oppo.site walls which would have ultimately closed the hyplipo 
at this point, (e) is a bit of an old hyphse growing in tlie substance of 
a medium showing septa at the origins of two branches. X 640. 

Cellulose plugs in hyphse. In (a) x\ completely closes the bore of the 
hyphse. At x are three plugs which almost close it. In (b) x is an 
ingrowth which increases in size by caplike deposition of cellulose 
on it. In (c) are two ingrowths arising from the opposite walls and 
meeting each other thereby completely closing the hypha. In 
(d) Xi is a thick cellulose plug. At x is a cellulose ingrowth of the 
inner wall of the hypha. X 640. 

Branches arising through septa. X 640. 

“ Resting ” conidi um. X 405. 

‘V Resting conidium gerininating. X 105. 

“ Resting ” conidium. X 405. 

“ Resting ” conidium giving rise to secondary resting ” conidia, 
X 100. 

Immature intercalar “ resting ” coiiidium. X 405. 

Resting ” conidium germinating and producing a sporangium. 

lulercalar '' re.sting conidium. X 405. 

Abnormal sporangium germinating conidia! ly ; from potato juice agar. 
X 405. 

Germinating internal sporangium in the pericarp of a fruit. X 4,05. 

Portion of the mycelium from Peptone Broth. X 405. 


1. Anthoridium which is just Ijeing pierced by an oogonial h}^pha under- 

neath it ; observed vertically downwards. X 625. 

2. Oogonial liypha indenting an antheridium. (Freehand drawing). 

3 and 4. Oogonial hypha originating within the antlieridium. X 625. 

5. Oogonial hypha that is lying within the anthoridium after penetrating 

it. X 625. 

6. Same as above, the anthoridium is intercalar. Optical section. X 625. 

7. Same as Fig. 5. X 625. 

S — 11 Mov(! ad v'anced stages of Figs. 5-7. The oogonial hypha boring its 
way out of the antheridium. Figs. 8 and 9. X 625. 
lU. The oogonial hypha is on a lateral stalk. X 625. 

11. A mature iutercalar oogonium. The .septa in the antJi,eridiu]u.]ui.vc 
eellulose tliickenings on them. X 1165. ■ 

12— -16 and 17 — 22. Mature oospores. X 1165*^^^ y , 


phytophthoea parasitica. 

12. Ooogniuni originating within the intercahir untlieruliuin. (>j>tic;il 

section. 

13. Oogonium borim on a short stalk, not sessile on the antheritliuiu. 

14. Hypha bearing the oogonial stalk within the antheridiuin swelling at il s 

point of entrance. 

15. Oogonium borne on a lateral branch, the point of enlrancc of the. oogo- 

nial hyplne is dearly visible. The hypha enters the antheridiuiu Iroiu 
below and leaves it at its apex. The dotted lines indicate the hy])ha 
underneath the antheridiuiu. 

16. Oogonium separated from antheridiuin which persists enclosing its stalk. 

17. Optical .section of an oogonium originating from the base of an antlic- 

ridium. 

18. Optical .section of an oogonium developed from a separate oogonial 

stalk piercing the antheridiuin. 

19 and 21. Optical sections, same as Fig. 17. In Fig. 19, there is a (adlulose 
plug in the oogonial stalk. 

20. Hypha bearing oogonial stalk penetrating the antlieridium from abovtc 
The dotted lines show the stalk within the antheridiuin. 

22. Same as Fig. 15. 

PLATE VII. 

1. Oogonial thread (0) originating within the antheridiuin (A). X 500. 

2. Mature oospore from French -bean juice agar. Oogonium aiising witldn 

the antheridiuin. X 400. 

3. Mature oospore from French-bean juice agar. Hyplia bearing tlie 

oogonial stalk penetrating tiic antlieridium (ui tbc left. X 400. 

4. A group of mature oospores from Frencli-bean juice agar. X 400. 

5. A mature oospore from French-beau juice agar roughly iuu;nipulut,ed. 

The passage made by tlic oogonial stalk within i.he antheridiuin 
is clearly visible. X 400. 

0. Oospore from oat juice agar. X 400. 

7. 0. Oospores from Freiich-bcan juice agar. 

R. “ Resting ” conidia. X 400, 

8. “ Resting ” conidia. X 400. 

PLATE vnr. 

A. Seedling of I’otato. The central shoot marked with an arrowhead 

was inoculated. The other two shoots served as controls. Photo 
taken five days after inoculation. 

B. Seedlings of tomato. On the left is the inoculated seedling ; the other 

was kept uuinoculated as a check. Photo taken tliree dajs after 
inoculation. 
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PLATE IX. 

A. A ))ot t'untaining a tobacco seedling on the left and a castor seedling on 

the right. Both were inocnlated at the same tinui. Plnri'o tn-kmi 
two days after inoculation. 

B. .4n, ai'eca nut inoculated through a wouufl. Photo taken si.v dnys after 

inoculation. 

PLATE X. 

A castor seedling inoculated by surroimding it in a jacket of water 
containing motile z;oosporos. Plioto taken throe days after inocula- 
tion. 






















nylo2)ht]iora paruaitim. 
Inoculations on potato (A) and tomato (B). 




Phytophlhora parasilica. 
Inoculations on tobacco and castor (A) ami 
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GOLOCASIiE BLIGHT 

CAUSED BY PHYTOPHTHORA COLOCASI^ RAO, 
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G. S. KULKARNI, L.Ag,, 
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L Description of the Disease, 



PhjlopMhom OolooasicB Rac. was first described by Raciborski^ 
ill I90d. In, Java, according to this author, it is widely distributed 
as a parasite on the leaves of Colomsia escidenta { = G. antiqmrum 
Schott.) but does not cause much damage to the plant. His des- 
cription is brief and practically confined to the naked eye appear- 
ance of the infected leaf and the sporaiigial stage of the fungus. 
It was not, apparently, obtained elsewhere than on the leaves of 
the host and was not cultivated. 

The parasite does not appear to have been reported outside 
Java until 1907, when it was recorded from India, in collections 
made in 1905^ More recently Sawada has encountered it in For- 
mosa'^ ; his description is in Japanese but illustrated by two plates, 
these being, so far as we know, the only published figures of the 
fungus. Sawada, on what appear to us to be entirely insufficient 


• Raciborfiki, M. Parasitisohe Algen und Pilze .lavas, I, 190o, P- 9- 

- Sydow, H. k P., nhd Butler, E, -T. Fungi India* Orientalis, II. Ann.* Myrol. V, 1907,. 
p. .512.' 

“ Sawada, K. Infection of Taro. Rep. from Special Reports of the. Formosan Agric. Exjier. 
Station, II, 1911 (Ja.pane.se). We .are indebted to Mr, S, ICamisaka of Bombay for a Iraiis- 
lation of this paper. 
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<»TOiin.ds, tr.'inHft'nwl i.lie io iho jjjtMius hiui'(tli(rvii((, a. jj;«'!U!s 

founded ])y K. Miyal,>e for a, fuuguh; pa-raHif io on. ihe, win.! us of 
Cy perns' tegeti for itself doiibthiily ten,«d)!e. 

In India tlie (listribution, is \vid(', from '.rruAUvneorc^ ou tl\e 
south to Dehra Dun and llatigoon on tlu‘. north and east, aiul 
in Bengal it is one of the commonest of the PeronmjKyramr. Tt is 
found (TverywlK're in the })l()ts of Jmehn {Ooloens'ia anfdgnonmi 
Schott.) seen townivds the inichlle of the rains in most \d}lag<\s. it 
also o(a*in\s in tla^ wild s{)e<‘imens of the sanu* plant <-onunon in 
moist loealith's. Ihieiborski’s sta,tement (hat i( causes liltie 
damage is too sweeping. Sonudimes, in. fa.voura,ble wcaillun- foi' 
its deYe,lo])ment, the leaves are so rotted that tfu', (mlire plant is 
killed, in i90t), during a jwriod of almost eontimious cloud and 
rain in August, a number of plants died from the disease at Pusa 
and the growth of the rest was brought to a standstill Further, 
the parasite commonly reaches the corra a,nd sci's up a dry rot during 
storage. Tliis stage was not known, to Eaciborski b\it. is proLaibly 
more destructive, as a rule, than the leaf atta,ck. 

The disease first manifests itself ordina3.ily on the leaf. Small 
dark roundish specks appear which widen rather rapidly by cen- 
trifugal growth. The growth may be equal all round, in which 
case the spot remains circular, or may be more rapid in. one direc- 
tion than another, when we find oval, elongated or irregular patches 
(PL I). The main veins of the leaf often check extension for a 
short time but are soon crossed. Two or more spots may unite 
and ultimately a very large part of the leaf surface may be involved. 
In the early stages drops of a clear yellow liquid ooze out from the 
surface of the spots ; later, the central portion assumes a yellowish- 
brown colour, dries up and may become perforated. The margins 
are often beautifully zoned, in different shades of brown, gre(m and 
yellow; towards the periphery these zones reveal on careful exam- 
ination a delicate white haze which is caused by tlui sporangia i 
stage of the fungus. This external development of the parasite is, 

* Miyabe, IC, in Kawakami, T. “ Kawakaniia, Miyaks a iicw goimH iK-longint' to I'crq- 
nospm-acece.^' Tokyo, ShOkwabo & Co., 1004 , 
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liomiver, much less prominent than in, for instance, the allied 
potato blight, and is sometimes difficult to detect by the naked 
eye. As the spot widens sporangia continue to be produced at 
progressively increasing distances from the centre. 

The above may, in mild cases, constitute the whole extent 
of the attack. Frequently, however, the petiole becomes infected. 
The course of the disease here is similar to that on the leaf-blade 
except that the spots soon become elongated in the direction of 
the axis of the stalk. The damage caused is, however, greater, 
for if the spot is of any considerable size, it leads to such shrinking 
and disorganisation of the tissues that collapse of the structure 
above is biought about. The leaf hangs on the stalk and rapidly 
decomposes. Sometimes the petiole breaks at the point of worst 
attack, the part below drying up so rapidly as to prevent further 
progress. If this does not happen extension down the petiole 
may continue as far as its sheathing base ; infection of the stem 
at this point was naturally looked for and though no definite case 
was seen, the ready extension down the petiole renders it not 
improbable. In Phytophthora infestans it was at one time * believed 
that infection of the potato tubers, which is well known to occur, 
results from extension of the mycelium from the leaves and stalks 
down within the tissues. It is now more generally held to be due 
to direct infection from sporangia aiid zoospores fallen from the 
above-ground parts and germinating in contact with the tubers. 
Similarly, in Colocasia direct infection of the corm must occur and 
the more readily that it is not uncommon to find conns partly 
exposed at the surface of the soil. Though internal infection 
through the stem may occur, the fact that no actual case could be 
found suggests that external infection, from reproductive bodies 
formed on the leaves and petioles, is the more usual course. 

Ill a few cases infection of the inflorescence was observed. 

In a severe attack all the leaves may be lost and tbe plant 
killed. In milder cases the young leaves may be free from disease 
or only slightly involved, while the older ones are covered with 
patches of varying extent or are hanging rotted on their stalks, 


OOLOOASIA BLiaWT, 


•2:^H 

The corns may ho. entirely lacking or, if lonu<‘<l, mny in* sinnli mni 
slminkcm wivere only iaolated spots oec.m* tlunv is !ittl(‘ iippstvnl. 
iiijiny to the plant and the conn niatnr«‘,s noruviiJly. This i;-, i,lu‘ 
condition which, has been most frecpiently hnind. Noiiimg is 
clearer than the close connection between the intimsity oi l!ie 
disease and the atmospheric conditions piv.vakmt diiimg ihe growth 
period of; the host. Much the worst attack noticed at Pnsji dumig 
the last six years occurred in 1909, a year wlum. i!u* rainlall was 
neai'ly double the normal, there was almost confinuons cioud or 
;ram during August and September, tlu' lota,l priM-ipilai mii loi- 
these two months was 28*44 inches and th(‘ 8 a.m. ivlalivi* humidity 
exceeded 80 per cent, on fifty-three out of sixty-mi.c days. In the 
present year (1912) the disease had not app(‘are.i up to t lu* end ol 
September, the rainfall during the ju’evious two months having 
been only 12*96 inches and the 8 a.m. relativ<’ humidity exceeding 
80 per cent, on forty days only. Sawada. notos that the disiaise is 
worse in shady than in sunny localities in hoimosa. 

Infection of the conn was tii’st noticed in liM)9. It ims hoow 
observed each year since, though, not to tlie same degrinx The 
conn ;i‘ot is sometimes apparent even in the field but inort‘ usually 
develops siibsecpiently in storage. As in tlie luliiU' rot. caused by 
Phytofldhora inlestam it appears to ho. when mvl eompHeatcd by 
secondary organisms, a dry rot, the tissue's beung dry but rat her 
soft to the touch. Wet rot may diwelop In stmvd conns in which 
Fhjtoflitkom CoIoccwcb can he detected l)ut this is probably dm*, 
to secondary invasion by various soil organism^. 

11. Microscopic characters of the disease and of rrs cause. 

The mycelium of the parasite is present in all th<‘ parts which 
show extoniai discoloration. It has hom found in tlu' h'af (incimh 
ing the petiole), the mlioresccnco and the conn. Tin' l»y|>h;e art' 
large, usually 5 or Gm, hut varying from 4 to 9/i in tliainet.er, 
imseptate and hrancli copiously. In the h'af-nu'sopliyil tlu'y arc. 
purely intercellular but epidermal cells a, re ttfien traverst'd by 
hyphse both entering and emerging from tluj leaf, llaaistoria 
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(PL II, Fig. 2) are sent freely into the cells of the pallisadc and 
spongy parenchyma and sometimes into those of the epidermis. 
They are simple, or occasionally branched, finger-shaped processes, 
not differing from those of Sclerospom or Pijthium palmivonm in 
any essential. In the petiole the hyphee are still inter-cellular, 
being found especially in the air-spaces between the cells, and the 
haustoria are muneroiis and very distinct. Neither in the leaf nor 
in the petiole are the bundles ever penetrated. In the conn, 
on the other hand, not alone are hyphae found in the storage cells, 
the mycelium being rather intra- than inter-cellular, but the bundles 
are conimoniy penetrated (PL LI, Fig. 5). Haustoria-like branches 
extend from [the inter-cellular hyphne into the storage cells but 
they are often not clearly distinguishable from the ordinary 
branches of the mycelium, which themselves may extend from 
cell to cell without appearing to experience the slightest difficulty 
in penetrating the cell walls. This difference in habit according 
to the tissue attacked is of considerable interest and appears to 
suggest that it is not so much the structure of the wall, as the 
nature of the substances oceurring within the cells, that determines 
whether penetration will take place or not. 

In assimilating cells the chloroplasts commence to lose colour 
soon after infection takes jfface. Their sharpness of outline then 
gradually disaj,)pears and the individual plastids run together into 
a grurnoiis mass in which, for a while, the starch granules are still 
visible. Then the cells turn brown, the phloem elements sliaring 
in this change although not penetrated by the parasite. In the 
conn, as soon as rotting is well established, and in the centre of the 
leaf spots, starch is entirely absent from infected cells. 

No trace of reproductive organs has been detected in any part 
of the internal mycelium. Sporangia are produced externally on 
short stalks, arising from the epidermis at the margins of the spots 
on both surfaces of the leaf blade and on the petiole. They come 
out in successive crops as the centrifugal spread of the fungus con- 
tinues. They have not been observed oceurring naturally on the 
surface of rotting conns but have been obtained by removing with 
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a, f^terile kiiifc a slab from the margin of a rotting paicJj. aial (ir()j)|>ing 
it into pure water in a sterile tlask. In some enses a, copious t'xlcr- 
nol growth was obtained by this treatment and tna.t/Uji’('. sporangia, 
were formed on the third day. The fungus maintains its vi<;a,Ht,y 
for a considerable time in the conn. 3?L III, ffig. 14 shows a. 
hyplia obtained by incubating a corm about a month, after it, was 
harvested and some three months after the disease had (‘-eased to b(‘. 
active. It is probable too that corms kept under comiitions whi(di 
permit of moisture to accmnulatc, develop aerial hyphm in, store- 
and infect their neighbours. Tlmre is no reason to doubt that tin* 
parasite can persist from one season to anotlmr in. tlu^ (a)rms and, 
a, s in the allied potato blight, infection of the new ca-op j>ossibjy 
comes in part from these diseased, tubers. Resting s|>or(‘s, wlu‘tlu‘i* 
sexually produced oospores or the thick wailed reproductive, bodies 
known as chlamydospo,res, have not been found in ]uvtur(\ though 
they have been obtained in artificial cultures. 

On the leaf the sporangia are borne on sliovt stullcs as shown 
in Pi. 11, Fig. 1. They are terminal and single but sonuitimes tlie 
stalk continues to grow by a branch arising below tlu', sporungium, 
the latter being pushed to one side and a new s})orangiutii ixung 
formed at the tip of the branch (.PI. Ill, Fig. 15). The spora ugiophort*. 
narrows towards the apex to an e.Ktreme]y sle.nder thread, .some- 
times not exceeding l*5/( in diameter, and the sporangiinin, falls 
with a part of this narrow stalk attached to its base;. 1’he friu-li- 
fyiiig hyphm emerge, as shown in the .figure, not- only Ihrough 
stomata (the usual mode of emergence in Pe?'(mo.s‘po>yn;er/-) but alsci 
between or through the epiclermal cells. They ratvly i'xee(.Ml 50, « 
in length and, excepting in the rather infre(|ii(‘nt e;is<‘ «d' more 
than one sporangium being borne, they are unliranehed. 

The sporsngia are colourless, elliptical or peMr-shapiMl, soiik'* 
times curved and less nigular in sha than is tlu' with nu.,s! 
species ol Pkijtophtliofa. They are often very In-rge, measuring 
when formed on the leaf from 38 to CO by 18 to 20^ in diameter but- 
varying within wider limits in culture. Sawada, lias obseiamd 
sporangia up to 114//- in length on the leaf, but in India lle-y rarely 
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exceed 60/W. The wall is thin and smooth and at the free end th(\i'(i 
is a ])road blunt papilla. When mature, each spoi'angiuni has a, 
single large vacuole lying near the centre, the ].‘est of the cell lacing 
filled with dense granular protoplasm (PI. IV, Figs, 1 and. 2). (ler- 
mination may occur within half an hour after sowing in water, u|) 
to 20 large zoospores being liberated. The zoospores are more or 
less bean-shaped, one of the longer sides being com- ex and the 
other concave or plane (PI. IV, Fig. 3). Each contains a small 
pulsating vacuole and two cilia arise near together .from the conca,vc 
or plane side, one pi’ojecting in front and the other behind while 
swimming. After swimming for some time they come to rest, 
round, off, lose the cilia and. become surrounded by a cellulose wall. 
At this period they measure from 10 to 13 m in diameter ('Eaciborski 
gives the measurement of tlie swimming spores as 15 to 18 by 9 
to 12m; Sawada 14 to 18 by 9 to 13m). Germination then occurs 
by a germ-tube, which may be protruded within half an hour after 
the zoospore comes to rest or witliin an horn.' after the liberation 
of the zoospoi’c from the sporangium. The gei‘m-tid)e gi’ows and 
branches for a time (PL III, Fig. 10) but in water dies without 
forming any definite inycelium. Eaciborski^ describes a peculiar 
type of germination in this fungus. The zoospore, after coining 
to rest, puts out a sliort tidie wliich swells at the tip to foi’in a sort 
of secondary sporangium which, may continue growth by a hypha 
or may open to liberate one or two secondary zoospores. This 
recalls the germination of the zoospores, of Fythium (Uacappimi^ 
and is to be considered as the physiological equivalent of the process 
of diplanetism in the Saprolegniacem. Diplanetisrn is probably, 
as suggested by Hartogk aji adaptation to secure wider disseudn- 
ation tluiu could lie obtained by the swimming spore alone. 
During the pei’iod of rest between the two stages of activity tlic 
spore can b(‘ pa-ssively carried to a distance by ciirrenls of water 
and cum tlien juuuili a suitable substratum for furtlier d(*.velo].)meni'. 

'■ loc. cU, ]». 10 . 

- .Butler, n. I. All account of t.lio gcmis anti some Chytridiacra:. Mem. DcpC 

of A<:'ru>. in frulin. Hot. St'r., I, No. n, 1007, p. 81. 

Hartog, .M. On (he Formation and Liheration of llio Zoospores in \\iv iSdproh’gnlWi 
Quart, douru. of Mieaweup. Science, N. S., XXVll, 1887, p. 487. 
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diirlDg tlic sccoiul activ(‘. stage. In some genivi'a of (Jhijlridim-rw 
tlic same purpose is apparently served hy a p(‘no(l of (|uiesr(uier oi 
tlic spore, during wliieli the cilia are retracted to be again pro- 
truded aftei- a time sutHcient to allow of a cerinin amount, of i>assi,N t‘ 
dissemiiiatioid. Sawada has also observed the foi'inatioii t)l a s<‘cond” 
ary spore germinating by a hypha on the germ-tube of the })rimary 
spore, but the formation of secondary zoospores has not l.)een obsei.'viM 1 
either by him or by us and is certainly of infrequent oceuriviu'tu 

Sometimes the zoospores fail to escape, <me or mort‘ Ixing 
left in the sporangium. After a time these etuise to \m\\\ secivle 
a, wall and germinab*. in the usual manner. Tiu‘ germ-tube aj)jH>ars 
to be unable to pierce the sporaiigial wall and can only emerg<‘ 
through the opening (PL III, Fig. 11). 

Eccently matured sporangia germinate for the most |)ai't l>y 
giving zoospores, when placed in fresh water. Frerjiumtly, iiow<i\'(‘r, 
a certain number fail to form zoospores but gcrjuiiiub^ tliivcily by 
a hypha. In sporangia, from their natural liabitat. on ihc h‘aL 
the germ-tube arises from the papilla, giving a stout bruuehiug 
hypha, which may form a mycelium or give s(*eondary s})orajigia 
after a short growth. This type of germination will l.)e more fully 
described (from cultures) below. 

Some observations were made on the formation aud discliaigc 
of the zoospores. The ripe sporangium cont-aius a single vacuole 
of variable size. This is at first irregular and ehangt's sliiip«‘ vvitli 
the slow movements of*t:he intersporangial protoplusju ; tlam it 
becomes spherical and ultimately disappears suddeidy. Th(‘ f)i'o- 
toplasm itself is at first coarsely granular and with a tendency to 
form clumps. Later on it becomes more finely granular ami afttu- 
the discharge of the vacuole it is almost homogmu'ous. About 
five minutes after the vacuole disappears, tlu^ lirst- cleavage liiu's 
of the spore-origins become visible and th(^ proioplasiii eoiitracls 
slightly so as to leave a clear space just inside the wall. Soon 
after, discharge occurs, in the maimer so often described foi’ i'lajloph- 

‘ Butler, E, J. ioc. c/f., y. 121 and, Barrett, ,T. 'J’. Developnieiit an<! Sexiudilj i>i' aoiue 
Hpecies at Oljndwpm, Ann. of Bot., XXVI, 1912, p, 2ir). 
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thora, the sporcvs being fully demarcated and provided witli cilia 
licfore they emerge to tlie outside (PI. IV, Fig. 3). Often two or 
more zoospores remain attached, in extreme cases forming a mass 
in which the individual spores cannot be distinguished. At bias!’, 
ten spores must have' been included in some of the masses ex])cl].ed 
from feeble or contaminated cultures. These masses are provided 
with several or numerous cilia but always appear to break down 
and disintegrate without secreting a wall. 

The influence of temperature on zoospore formation is marked. 
A portion of a culture was divided into two parts, one of wliicli was 
placed in tap water in the cool incubator at 25“(J., the other kepi; in 
the laljoratoiy at 32°C., l)oth being eiiually illuminated. Ifjxamijied 
after an hour, the foj'iner was found to be discharging fi'cely, the latter 
not at all. The higher temperatui:e, however, merely inhibits zoospore 
production, without aifecting the power to produce them wlieu suit- 
ably cooled, as ])art of a crdture whicdi had remained in water for two 
hours at 30°C., without any but a very few sporangia having discharg- 
ed, gave very numerous zoospores wlien placed in the cool incubator. 

Light does not appear to inliuence tlie formation of sporangia 
when temperature conditions aj.‘e suitable. A culture kept in tlie 
dark at 25°C. foi- a, month from the date of sowing was found as 
fully provided with sporangia as any of the cultures in the labor- 
atory. i'liis differs from tiie results got by Dastur' witli. Fh. 
famsitica, wliere cultures Icept in the dark remained sterile. No 
observations were made on the effect of light on tlie eniission of 
zoospore>s but Coleman and Dastur have found that a certain amount 
of light is necessary for this process in Ph. onmivom var. Arecw and 
Fh. 'pcirasUica respectively. 

III. ClILTUBEB OF PHYTOPHTUORA CoLOCABI/E“. 

In :recent years sevei‘al species of Fht/lophlhora have been 
successfully cultivated on artificial media. In the present 

I l)ast;m’, .1. l'\ On Plri/tophihoni puriifiHka nov. spec;., a new disen,se of the (.'aatof oil 
pliuit. Mem. Dept, of Agric. in India, Bot. Sc;r. V, No. 4, HUo. 

" We. are indel)ied to Mr. J. F. Dastur, Plrst .•Vssi.stant; in the Myeologieal Section, Pasa, 
i'ca' nmeh a.sslstamie in obtamiug cultures of the fungus. 
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species considerable difficulty was expei'leu.^ed, but siK'ccssfiil 
cultures were eventually obtained in tlu‘. f()llowin<4 nutnner. 

Healtliy living conns were placed in contact with li’iictilying spots 

on tlie leaves, the surface of the conn being sliced oh at th<‘: point, of 

contact. By keeping the surinunding atmosphere saturated, {hm-ijiI 

hypha3 developed on the leaf and penetrated the corui. Tlu^ latter 

was then removed to a moist chamber and a good aeiial growlh 

of the fungus, bearing sporangia, developed after a hnv days. A ^ ' 

healthy living conn was next sterilised by wasbing w<dl in spirit, 

and flaming off the excess of alcoliol. ft waa tlnMi dividiMl with a, 

sterile knife and the cut surface placed so a.s to toiidi the afo-ial 

hyphae of the previously infected conn. Alher 24 hours t lu* si (u-i lisp< 1 

corm was removed to a sterile moist chamber ami ga.v(‘. in suhseipumt, 

days a copious woolly growth. From this jmiv cnltuivs weiv 

obtained by inoculating tubes of Frencli-bcan a.ga.r. Otlnn* lubes 

of this medium, as well as of corn meal, we.iv. inoculated diivclly 

from the first infected conns and pnrific‘d from t iu^ baetiuhi which ^ 

contaminated the first tubes liy successivi^ subcnltui'iug. (llti- t 

matcly pure cultures were grown on tlie following media. : h’reueh- 

bean agar, corn meal, oat-juice agar, pi-une- jiiiee agai*, and glucose- 
peptone agarh Cultures on sterilised slabs of Colo(*a.sia. conn (steril- 
ised by intermittent steaming in the Kocli and phu-ed resp(M‘tiv(dy 
in potido tubes with distilled water, and on th<‘ surface of 


' 'I’hcHC metliil pvcvittirfd an f<)llt,>A\'s 

Frevch-kim w/f/r.— 50 ''rummos dried hciius jire pouiuled in a mnriar, made n|» uilli al out. 
300 e.e. dintilled water, lHtUe<l for half an hour and Hlrained through line Mire »anKe. 'I'o ihin 
is added 10 grammes agar Unsolved in a small (luantity of water and (he whole is mad<‘ up lo 
500 e.(-. Avith distilled Avater. After heating lo mix thoronglily it is si rained (Itronyli line eldlh 
into tubes and autoe.laved. The reaetiou wa.s4 2 of KullerV wale. 

Corn tta;«/.-~^Mai'/.c meal moistened with disl.illed water. 

Oat-joir.e (ujur.~-W grammes erushed oats arc conked with about 300 e.e. tlislillmi Maler 
for an hour in th(> Koeh and straiijed through wire ga\e/,e. '.I'o Ihis is added iO grammes agar 
disHolve<l ill water enough to bring the whole to 500 e.e. After healing to mi.\ it. is i traim'd 
into test>tubes and autoclaved. The muitiou was + a of h'ldler’s scale. 

l^runo-'jiticc. mjar. — 5 prunes boiled in lOO e,.c. di-sUlletl Avaler for 5 miinites and lillered. 
To ihis is added 7‘o granuneH agar dissolved in a small (luaniiiy of water am!, after Ihoron.'di 
maing, the whole made up to 500 e.e. Avith distilled Avater, run into tubes and anlot-la- 



"Ved. 

Chumc.-prjitone ognr .' — Glucose 10 grammes, meat extract 2 gnimnu's, pei)toiie 5 gi'amme.i, 
sodium chloride iJT) grammes, agar 7-5 grammes, Avuter 500 # 
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moist corn meal and glucose-peptone agar media) failed to 
grow. 

The best cultures were obtained on Frencli-ljean agar, coim 
meal and oat-juice agarh On corn meal the growth was dense 
and woolly and extended over the whole surface of tlie inediiuu 
fairly rapidly. On French-bean agar the mycelium spread less 
rapidly and was not as dense as the last. On oat- juice agar there 
was less aerial growth than the others. Prune-juice agar and 
glucose-peptone agar gave poor thin growths. It is somewhat 
surprising that steamed Colocasia corm should, in spite of repeated 
inoculations, have failed to show any growth. I n all the siu.'cessful 
cultures sporangia were developed, provided the temperature was 
not too high. Oospores were imicli less common and were; only 
formed in French-bean agar, Imried in the medium, generally 
several near together at about one-eightli of an inch, below the 
surface. 

The sexual stage of several I/hytopIUhoms is raixdy developed, 
In the well-known case of potatn lilight, Fk. infesians, it lias only 
recently been discovered (in the United States), in spite of con- 
tinual searclies during the past thirty years. It lias ne\"er been 
encountered under natiii*al conditions (the bodies described by 
Worthington Smitli many yeai's ago have not been accepted by 
mycologists generally as belonging to this fungus) but has been 
produced in artificial cultures only-. The same is the case witli 
the present fungus, as neither in Java, nor in Formosa, nor in India 
have oospores been found in or on the diseased plants. It is pr*ol)- 
ahle that in these two cases the absence of a resting-spore condi- 
tion is to be correlated with the pi.*esence of a mycelium in the 
tubers, capable of passing over from one season, to an- 
other. 

The characters of the fungus in culture may no w lie descril^ed, 
little difference, except in the vigour of growth and tlie priisimce or 

' ('linton, ({. P. Artili<‘iiil tniltnnfs Phi/lopliiliorti, CVnui. SOi. 

U107-US, p. SOS, iuid Oospori'w of P<»t{ito blight, ib., J-luport lOOO-JO, p. TOO. 

- Clinlou, (,f. 1’. Ooripoms of Potato blight. Cono. Exper. Stti. Koporl, iyul)-r(,l, ji. Toll, 



c()Loo^\siA feuaii'i'. 


244 

of oosporeSj being notkujd on the. three jnoiH'. Hatisfaetoi'V 
nieilia, incjitioned above. 

Tlu^ mjcelimv), covers the surface of tJic nu’diuiu ralluo’ , slowly 
and fomis a, white aerial growths on which are baind iiiatuiv sjx)- 
rangia in about a week or ten days at tempera tun's of 1.5 to 
The hypliaj of the aerial inycelium arc long, spaiingly brancluai, 
about d to 7 m in breadth and not vajyijig abj-uptly in dianH't<'r 
(PI. Ill, Fig. 4). Septa are frerpient, ])ut instead of bdng fornu'd, 
as in the liigher fungi, regularly from bdiind forwaid at a short 
distance from the growing apex of the hyj>]ia, tlu'y ar<' laid ilowii 
irregularly throughout its length, dividing it. into eoiujjart nn'uls 
which may contain living protopiasm oj' be t'mi)ly of all contents. 
Sometimes a new branch may arise from Ixdow a. s(^|)l.um, as shown 
in. PL 111, Fig. 4«. The septation increase.s as the cuilur<' ag(*s 
and in old or badly noiirished cultures is ve.ry free. In a.ddilion 
to coinpletc partitions, isolated nodules, spiucis and pides of 
colliilose arc laid down very coinmojily on tlie inside of tlu‘ hyplial 
wall. Some of those may ])e st'cn in PL 111, Fig. 8n. it naturally 
suggests itself that such cases as these re|).rese.Mt' early or ai'rested 
stages in the formation of complete sejda, tlie process being the ti (d' 
the type known as Sf mujyni or AUmnyees. In sevtu'al cases, however, 
the septum appears first as a thin |)late, siuli as tha t sliown in c of t lu*. 
same figiu’e, and it lias not been possible to decide wliethfu tiiis 
is preceded by a stage of the type figured in a. Tlu^ mat ure sep! um 
usually becomes miieli thickened, tlieiiLost common form slmwing a 
conical thickening, which in septa divdding full from imipty portions 
of a hypha is always direct cal to the full side (Fig. S/i). Sometimes 
there, is a corresponding d(‘})rcssion on the, opposite siih* ami in Mic 
earlier stagi's a, pore has been distinctly seen in I1 h‘ <-<mlro <d' the 
septum. The ('oiiical tliiekening nuirks the siihstsjmmt, (lo.snre 
of this pore, Sejita often, devidop at the origin of a, lalma! in'aiieii 
(Kig. S(l), Ail the septa, as well a,s the hyphal walls and the 
sporangia, give typical eellidose rea,eth)n.s. 

The mycelium which eiveps on the surface (.»f the medium, 
where a densely felted layer i.s ofte,n formed, is moiv f.re(,4y branched 
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than tlie aerial liypliae (PL III, Fig. 1). The liyplitB which penetrate 
the medium are still more branched and arc much less rc'guhii* in 
diameter than the superficial mycelium (PL HI, Fig. 2). 'fheir 
ultimate ramifications are much branched, irregularly swollen, for 
the most part densely filled with protoplasm and sparingly septate 
(PL III, Fig. 3). 

The sporangia a, re borne both laterally and terminally on the 
aerial hyph?e (PL III, Fig. 4). As in those found naturally on the 
leaf, their stalliKS are as a rule much narrowed and they break off, 
with a portion of the stalk attached, very readily. Sometimes, 
however, especially in secondary spoi’angia formed by the g(‘rmin~ 
ation of primary s])orangiri, the stalk difl’ers little fi’oni an oirlin- 
a.ry liyphai (Fig. la). Occasionally tlie insertion is l)y a broad 
base C)r the sporangium ma,y develop as a. unilatera.l sw(‘lling in tlu' 
course of a, hypha (Fig. 7h, Fig. 0, upper sporangium). Itig. 6 
shows a group of sporangia from a. hhench-bean agar culture 20 
days old. They are still less uniform in size and shape than those 
found on the leaf, measuring from 20 to 61 by 15 to SIm in diameter 
and vaiying from almost cylindrical to broa,dly oval or club-shaped. 
They are, however, more elongated on the whole than in any othei* 
species of Pliytofhthora hithei'to recorded. The papilla is always 
short and Idunt and the base is marlced at the point of insertion on 
the stalk l)y a. strong cellulose plug projecting into the sporangium. 

Many of the spoiungia developed in culture, fall of! within the 
tube, and in the absence of sufficient moisture to allow of zoos]>oi!c 
production, most of these germinate, as conidia by putting out one 
or mme germ-tubes. In older cultures, a considerable proportion 
of the growth consists of hyphse which liave arisen from tlie first 
formed spores. This secondary growth again bears sporangia, 
and it is at least conceivable that under certain conditions tliere 
may be a continuous succession of the vegetative and .asexua.lly 
reproductive stages of the fungus in cultivated soils, not only in 
this species, but in Phyto'pMhora infestans and other species whos(‘ 
persistence from year to year, without any form of j‘esting-s])ore, 
having been discovered under natural conditions, is still difiicidt 
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of explanatioH. It is no longer widely believed lluil polnlo hiight 
begins in the new crop by the exteiiBiou of niyceliuin from th<‘ 
tubers, where it has remained in a dormant condition .sii)c(‘ ihc 
previous crop was lifted, into the young shoots, where a.eri:tl sporan- 
gia are developed. De BaryV early experiments showed, no doiihl , 
that this course is sometimes followed, Mccent investigators" 
hold that it is certainly rare and insufficient to explain tlie noianai 
occurrence of the disease in the field. Clinton furth<‘r nott's that, 
the first spots develop in leaves in contact wifli the ground and 
believes that the primary attack comes by direct infection of the 
leaves from the soil. It is true that Phijiop/if/ioras do n<d app<’ar 
to liave been cultivated successfully using sterilis(*d soil as a nu‘diuni. 
but sterilisation may injure the soil regarded a.s a, I'uiture nu'diunu 
The allied genus Pj/tMtmi h (piite coumundy ])r(‘S(Mit. in gard<‘u 
soils but as the mycelium is easily overlooked, sjiecial methods arc 
required for its isolation, and the same holds good for ot her gentn-a.’' 

The germ-tnbes which arise from spoi'angia. in cultures grow 
not only from the papilla but, when more than one. are present:, 
from any part of the spore wall (PI. Ill, I'ig. 12). Fre<piently 
secondary or even tertiary sporangia are formed after limited 
growth of the tube (PI. HI, Pig, 13). Sporangia tliat germinate 
in this fashion are often traversed by cellulose walls dividing tlu' 
cavity into two or more compartments. 

Chlamydospores are frequently formed in (‘ultiirc. Tlu'y arc 
spherical, spore-like bodies with a smooth, amber-coloured wall 
which may be 3/^ thick and which takes a clear orangc'-yellow colour 
when treated with Schulze ^s solution. They may b(‘. t(U‘minal or 
intercalar or formed by a lateral swelling of tlie, hyplia, (id. ill 

* .De Bary, A. Researches into the Nature of the Potato l'’un,i>;nH v). 

Jonvn. of Botany, n. s., V, 1876. 

* CHutou, 0. P. Downy mildew of potatoes. Cotui, Exper. S(a. Ilciiuri, UKKi, p. :!<M. 
Pcfchyhridge, 0. H. Considerations and experiinonts on the siipposed infect ion ul’ llir 

crop with the blight fungus {Phytophthora infpstam) by ineanH of tnyeelimn derived direeily 
from the planted tubers. Proc. Roy. Dublin Soe. Xlll, n. s,, No. 'i, I'.Ul. .tones 1.. IC, 
Cldding!^ N. .1., and Lutman B. F. Inve.stigations of the Potato Eimgn.s (/'/////op/z/Z/oro hiff ^l,in ■). 
U. S. Dept, of Agri. Bur. of Pi. Indus. Bull. 246, 11)12. 

Jensen, 0. N. Pnngu.s flora of the soil, CorpcH IJniv. Agrie. SI a. llliaea, iJiili. 
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9). Tliey vary from but little more tliaii tbe brcadtli of the 
liyplia, to over 30 /a in diameter. They are develoj/ed both in tln^ 
ba.sal part of the superficial mycelium aiul also embedded in the 
depth of the medium. They are quite distinctive bodies, not rc'.- 
sembling in any way either the sporangia or the sexual spores of 
the fungus. The only other species of Phyto'phthora in which bodies 
which can be accurately identified as chlamydospores have been 
found a.ppea].‘ to be PhytopMJiora Faheri Maub., in which Rorer^ 
has briefly described their characters and Petcdi® also appears to 
have sei'u th(uu, and Phyloplithora pa/irmtlea Dastuf‘, in wliich 
tliey closcdy l•('.semble those of the prissent species, it is not im- 
possildi^ that th{‘ bodies described as partheuogenetic oospores in 
several species a.re. really chlamydospores. ’'riiiis seveml of the 
figures of the oospores of Falwrl given by (dole- 

rnanh especially id. XVIII, Fig. 8, probably represent chlamy- 
dosporcs. So also it is possible tliat some of the ‘ ‘ paithenogenetic 
oospores” of P%^op///// 0 '/Y/ infestam, described liy American 
authors, belong to the same categoiy. In Pytkmn palmiwrum 
the ‘ ‘ resting spores ’ ’ were at fii‘st taken for oospores and only 
later was their true character made out’. This species occupies 
almost a-n intermediate jiosition between the genera Pythmn and 
PhytophtJiora and its resting spores are evidently homologous with 
the chlam.ydospores of the latter. 

The shape, the thickness and colour of the wall and its reaction 
with Schube’s solution, the absence of a papilla and the position 
on the bearing hypha, serve to distinguish these bodies from sporan- 
gia. From sexual spores they are equally distinguishable by the 
insertion on the hypha, more often intercalar than terminal and 

' Uorer, .1. U, l’(nl Mot, Canker and Chupon-Wilt of Cacao. Mull, 'i’rinidad of 

Atfiio., IX, No. Uf), IJMO, pj). M} and lo. 

~ 'I'. <'acao and Hevea Oankor. Circ. & Agiie. Jonrn. of Roy. Mol. Card., Coylou, 

V, No. 1 : 5 , i‘uo, p. irri. 

'* DuHtm-, J. F. On P/iytopJithom qumisitim nov. sjtcc., a now discaufs of ifu* CuKlor oil 
plant. Mom. Dept, of Agric. in India, Bot. Sor. V., No. 4, 1111*5, 

Coleinati, C, I)i,scaKe.s of the Areea Palm, I, Koleroga, Midi. Dept, of Agile. Mysore 
State, Mycol. Ser., No. 2, 1910. 

Butler, E. J. An account of the geunH FytMHni. Mimi. Dept., of Agric. in India, Mot, 
Ser. I, No. 5, 1907, p. 82 and Bud-rot of Pahu.s in India ib.. Ill, No, 0, 1910, j). 250, 
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m-wr on n, ,sp,.™| lal,-,.,! .I.hh,,,. „f 

"Indi i« iHTgcanil pcrsisl.Mil in M„. «.xnal slaov, il„. r,, 

iifTim-oii™ in till- supiidinal iiiv<-,.|i,„„, „.|„.,vi,s „„sp,„vM mv .,,,1,. 
im-„ln<.o.| liuriiMl in tlie niodiun. un.l ll„. viirii.ii,,,, i„ si„. in ,i:„ 
«anio cultnro. wliWi is niiu-h llinn will, I hr ,s,.,n,| 

Tlwir gCTinimition lins ,n,f bi-rn foll,mv,l. Thai il.rv ,|„ 
form zoosjwms is probiiblr frnin Ihr nbsciirr ,i|' n iiinill., .,ii,l il 

fact thai, .nnply rasas win. „„i si , Tlnw 

liy putMiig mit a g,.nn-inba in rasas |,n( i( was ilinii' iill („ |,r 

(•|■rialn II, ul, thrsr wr,v n„f i„lr,raia,- .■l,lai„v,l„s,„„VM a,„l il,,. 
Mippnsril g,Tm-l„br nwriy llir rniiliimali,,,, „r ih,. sialk. 

Oospinvs Imvr b,.r,l i„ r„„s;,l,.,-al.lr i„ s,„„r 

of, H,o rnlhnrs. 'IVy liavr bian, |■n,lll.l hithrrl,, „„lv i„ I.',,.|ir|, 
l>aan aga,', nnil In ,•llll,nl■rs wl,i,.|, all b,.|,.nr,.,l i„ ihr'sanir v(,..|in 
*.r.. arosr f,-on, tl,r s,,.n,r ,„.iri„al pa,.,.,,!. Thrv .■„„|in,„„|' 
linvolop in snlM.ul(„r,.s ,a„Ti,.,l „„ a p,.,i,Hl nfsix ,n„„il,s an.l 
eiinally wl„.fln>i' g,-„w„ fn,' siwr,',,! grnrmlinns „n ,|,is ,„r,liiii„ 
wliMi giwvn Ini' onr (,,■ nimv griiinnlions nn nihr,’ mrilia -aii.li as 
corn nioal or pninr-jnhv aga,' „,„| again l,-a„slr,',v,l hV,.,,, 'l,' 
.-ca.n agar Tlwy wr,v p,-o,l,„.,-,l Iab,„,,(.„.y Irmpn-alnirs ,l,„.i„„ 

he col. i>« an, I ..f i„ a ,.a„rr „|- „.,„p,.,.al,„‘r 

froin ]r>° to daily ni,.an. ' 
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r ' , , <‘ntnviv sui»nti>n>vt wwvo- 

tan. generally in a layer abont o„r.,.igi,l I. of an inrl,'‘'|,.,„„ ' , 
suifare and ai'c at on,.,. ,v,.ognisablr by (hr p,.<„„i,„.„, an, I , -I, 
tenstically sha.pe,l anthiwi.liinn (l-l. IV), wl,i..|, pr,.sis,s h,,- ' 

rhrn development pi-esents points „f gi-ra, |„|a,.rs, wl,l..|, w, ,v 

detected in tins species almost sinn,l(a.n,.oiisiv will, ih„ , r ,i 

oogoina of /% top 7, t 7 ,om |) a , s (,„. ' ' 
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;i, iu4/4'!i!)ourii)pj, bu4 dLstiiu't, Jiypha. This is the oog’oiiinl orioin, 
As !hc t’<3a.(th(‘,s th(‘. wall of tiie anthericUiun, ifc indeiite it aad 
l.lnui. ])o.n.(‘,tt‘a..t('s into tho aiitheridial cavity. Usually it pursiu^s a 
sti'aio’hl; coiii'S(‘ to tho opposite wall, whidi it again pierces to ernerg(‘. 
ou tiio furthc).* side. Sometimes it bends within tlie antheridiniu 
so tliat the point of exit is not opposite that of entry. The 
free apex now at once swells up into the oogonial cell, the swelling 
sometimes extending back to a part of tlie stalk within the anthe- 
lidium which is either depressed into a cup-shn/ped hollow in wliicli 
the oogonium sits or broadened out where the stalk enan’ges (PI. 
TV, Ifigs. 4 to 12). The oogonium remains closely applied to the 
antheridinm at its basal pa;i‘t a,nd is apparently fused witli it over 
a. considerable extent. When tlie oogonial (;*.ell has ri'aclual its 
full size it is cut oh by a septum, wliicli is generally formed in tlie 
part of the stalk within the antheridiiim (PL IV, Ifigs. (i and 1.3). 
The contents now conti‘act away from the oogonial wall to form 
the oosphere, which ultima.tely develops a thick wall a,nd liivs loose 
in the oogonium, which it does not (minjiletcly fill. At wliat stage 
fertilisation occurs could not be determined, no fertilisation tube 
having been detected. 

So far as could be detei’inined tlie oogonium arises always 
from a different hypha from that which bears the antheridium. 
Sometimes, liowever, the stalks of both organs swell up and a. 
tangled mass results which pi’events their origin being ascertained 
(PI. IV, Fig. 14). In most cases wdiere the oogonial stalk could be 
followed back it arose as a lateral bi'anch from a larger hypha. In 
one case (PL IV, Fig. 11) the oogonial stalk became swollen and 
gave off two short branches whicli pierced two antlieridia and 
liore two Gogonia. 

Afler th<‘ oogonium forms, the wall of the {udheridhuu tliicke.ns 
soimnvhat, wilhoiit heiioming Cfoloured, and remains clearly visible, 
for a. long tinuc 'The oogonial wall also thickens, sometimes eon- 
skh'ra.bly, and takes a ycdlow colour. Tho oogonial, stalk Ixdow 
the antheridium is less persistent and in many cas<is disappears 
so as 1o give (lie imp,i'ession that the oogonium arises a,s an iuginwth 
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ftmn tliB wall ot tlie antlieri.liuni wliiali. li'aVB.vrtin-j 

.nncrgBR on tlio opposit,.'. sUie. la soiao oalt.urrs a, Ho,i ol wo.maary 
tliateniag dovelops on the miteklc of tlio oogoiiuna, tla^ 
whifli becomes iiiclistinct and granulai.' or rouglmiual (I'l. !V, I'lg. 
14). A similar condition lias been observed in rhiitoplilhmt pam- 
nitica' and Ph- im/estoTO*. 

The oogonia are subglobose. and measure on an avera.ge '2<.iT,n 
in diameter (limite 24 to 35m). The oospores are almost exactly 
.sjiberical and average 23 m in diameter (limits 20 to 2S,a). In tlu'se. 
measnwments a, few abnormally largo oogonia, in wbieb oospores 
were? not developed but wbieb bad normal antlnnidia, an- omitl,ed. 
TlK'.y measnred up to 41m in <liameter. So also in one or Iwo tubes 
some very small spores were fomid with oogonia only IUm and 
oospores 16m in diameter. These were colourless anil were pro- 
bably degenerate forms. The antberidia vary consiilerably in 
size, being from 7 to 13m in their longest diameter. 

’Germination of the sexual spore has not been observed. 

IV. Inoculation experiments with pHYa’oi’UTiioKA 

COLOCASI/E. 


Raciborsld'* tried to infect liealtliy lea.vcs of Solmmni tubei'osum 
and Nicotiana Tahacum witli vspoi.-angia of tlw^ on 

Colocasia, but without success. 

Sawada‘‘ successfully infected Tai'o {Ooloemia antupinnfh}) 
and “ water-potato ” (? Colocasia a/rt£c[aonim var.) with spoiungiii 
taken direct from a leaf and germinated in disiilliMl wnter. lie 
failed to infect similarly “ Hasu-imo ” C Colocasia had im liassk.) 
and Manshu-imo ” (? Aloc/isia ma(mhdz<f, Hchott^ some 

small non-spreading spots developed at the seat of inixaihitioii. 
On its proper host PhyUypUhom Colocasia' is highly iuh'etivi*. 
Inoculations on the leaves with li\dug a,ctiv(^ zoospores in disliHed 

1 Dashuv, J. F. Oiy PhtjlopMhom ivmisilim a iiaw (iiHim.sc <.l i lir ( ml 

tilunt. Mem. Depl.. of Agvic. in liulia. Rot. Sor., V, No. •», MM:!. 

* Clinton, G. P. Oospores of Potato bli-.'lit. Conn. Exper. Sta. llepoil. lUUU lU, p. nil 
'i Raeiborski, M. Parasitisolie Algen uml Pilze .lavas, 1, IbOO, O. 

■* Sawada, K. Iiifeetionof Taw), Rop. froni Sptada,^ Reiiorts of ilm l''ormu.i:!n Ain in, 
Kxper. Sta., 11, ii)lL p. 7 of the reprint. 
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water gave in some cases visible signs of infection witliin six hours. 
Few parasites are kiifown which produce such rapid results as this. 
In twenty-four hours brown spots at the point of inoculation w<3re. 
well developed. On the second day the patches were larger and 
yellow drops of liquid were oozing out on their surface. On the 
third day sporangia were formed. Controls kept under similar 
conditions showed no sign of disease. The germ-tubes from sporan- 
gia which germinate direct as conidia were also found capable of 
penetrating the leaf, entering across or between the lower epidermal 
cells. 

Infection from zoospores takes place as shown in Plate 11, 
Figs. 2 and 3, which weie taken 24 hours alter inoculation. The 
germ-tube pierces the cuticle, frequently swelling up or running 
for a short distance in the thickness of the outer covering of the 
epidermis (Fig. 2). It then either enters the epideianal cell or 
passes down in the pa.rtition wall between two cells. In the meso- 
phyll it pursues a stiictly intercellular course, sending haustoria 
into the neighbouring cells. When fructification, is about to com- 
mence hypliEB from the intercellular mycelium of the mesophyll 
again penetrate the epidermal cells to reach tlie surface (Kgs. 1 
and 4). They may also, as shown in Fig. 1, emerge through, stomata 
or at the junction between adjoining cells. 

Inoculations were next undertaken on a number of plants 
known to be attacked by previously described species of Fhytofli- 
tJiora. Excepting Golomsia none of the Aracece appear to serve 
as hosts for the genus, several species of which, however, have a 
wide range of hosts. 

The following table gives the details of these inoculations, all 
of which were made from pure cultures by sowing some of the sj)or- 
angium-bearing mycelium in distilled water and using the suspen- 
sion for the inoculations as soon as the water contained plenty of 
swimming zoospores. The plants were grown in pots and the 
inoculations done by placing a drop of the suspension on the un- 
wounded or wounded leaf or stem of the plant and covering with a 
boil jar. The drops generally persisted for at least 48 hours, which 
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IS .-nuplo to allow of mfcM'tioiu lA’iai hiu(Mil:\tioris woro alwa v.-^ <loio‘ 
oil both siirfacoB. Tlie wouiwliiig, (»xocj»l,. wlioiv ol likewise shitf^fL 
coiiHisted ill semping away the (‘phlerniiB wiMi a storih* koiir. 
Controls were kept iii every case, those of })ot:ito being previously 
wonnrie.f! oil the leaves, the, rest unwoirndetj. 'Plussi' wen* pl;n‘(*<l 
as nearly as possible luicler the same eondiiions as the inoculated 
plants, \v(dl watered on the green ]ia,i‘ts and eoven'd by bell jars. 
All the inoeulations in tbis table w<‘re doiu*. at laboratory tenip<*r" 
atun's, whieh ranged froni about 25''' to :i(V' at the tina*. At the 
iiitter ienijie.rature tile sporangia were sown in eoole<l watnr to 
s<‘.cnre zoospore emission, wbicli doi's not lake j»la('e Iredy at' t(*m” 
peratuii's approaitiing (see f>, 2-1!). 

/7mc«/fl/mw,.s* imlh Ph'ijtaphtbam (btloa/fsmi liar. 


NaiilK' of |)l;uir. 

h‘olft» um fuhmMHitu 
A plant. 

Dill o 

Ditto. • ' 

A youn.D! })l!V\it. ■ ■ , 


Pn-vioiisly Known 
l;o MCI" VC aw 
Imwt I'ni" 


l\h. /tnnt- 



Nature of 
inoiuilatinn. 


Ono aliuot inof\ilatcil 
on a leaf and at l ltc 
apical l>ud. Un- 
wtnindcd. 

Several Icavcw, ])cti, 
oIcM a.nd tlic apical 
Inid iunculatctl. 
ITinvoimdcd. At-o 
OIK" womidcil leaf. 

Several Ic.’tvc;! 

lat(al. Unwomtdcil. 
Also .several wuiiml- 
cd l(‘aves and (lie 
yoim.if ,w1(‘ni afler 
rcniovin '4 tlu^ cpi- 
dertnis. 


r.eiaiits, 


Neij;:il ive. 


1)0. 


'I'iie aoDlidi'ii leave'. 
dfVtIojied a \\e| ml. 
u'liil li r.i|iid>y i-ppaul 
(it ill'" pefioir, eaii.'- 
inv tlicir coUap;-i‘ 
On iiiieri 3 ';eo(iif e.\- 
ainination !i ypiiie 
of riii/litpl'lliurn wi'i'e 
(diM rvi'd peiiefr.'i- 
lint' tile epidenni • 
ill I la- (n;ir.'"iti of I he 
vonnd, ho( h I iiroil'dl 
sloni.il.i iiiid dii'i-ellv 
aero'-.i the i-i'lls, and 
were id' O I.eeu within 
Die le.'if I i'.;. ties. The 
Vonnded ;-|ein detej. 
oped .1 hnoM) di 

eolonration tvhieh 
did iiol t'K'Icnd. IJn. 
wotmiied hjiivtts .yave 
nepai i\ e re .nils. 
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Na ino of (liiint. 

I’reviously known 
to serve as 
hu.st for ; — 

Nature of 
inoculation. 

Soltmiim Mdowjuna. 

4 young pill, nth' in a, 
pot. 

Pk. omnivora var, 
.'Ireca;, ■parasUica, 
Fuheri. 

A number of un- 
w'ounded leaves in- 
oculated, also ono 
at a perforating 
wound. 

Lycn pc. rs ic n tn cue n.- 

leutiiin. A luaturo 
plant. 

Ph. infestmifs, omni- 
vora var. Arecm, 
paramtica, Faberi, 

One shoot inoculated 
on several leaves 
and pctiolo.s. Un- 
wounded, 

Ditto 


Several leaves inocu- 
lated. Uiiwounded. 

Ditf',0 


Several leave, s and 
petioles u oiinded 
and inoeidated. 

Sj/rint/a vnltjaris, 

small jilauts iu 
pots. 

Ph. Syr inn te, <>nmi- 
mrtt , para si tie a. 

UuwoiuuU'd leaves 
and luuls inoeula- 
ted. 

N iooldmi't, Tnbimim. 

A mature plant, 

Ph. N ieMianai 

'I’liree young leaves 
and ono older in- 
oc ulatcf 1 . U 1 1 wo 11 nd - 
od. Also one leaf 
at a perforating 
wound. 

Ditto 


Several un wounded 
leaves. 

J (tsminwm, -p uhescem. 

A rootml cutting 
from a mature 

Iiliint. 

Ph. Syrhifia} known 
on Jasminnni nu- 
(lifl,oriim. 

As in Sijrinrpi viil- 
(jaris. 

Jasnihium Saiiibac. 
A rooted outtiug 
from a mritiin.! 

I)la,nt. 


Ditto 

HkiniiN n/tnniiml't, 
Seedlinigs in pots. 

Ph. parasitica 

'riie seedling.y sprink- 
led with the suspen- 
sion of zoospores. 

Ditto 

Mature (ilants. 


tlnwoundiid 1 eaves 

and stems inocu- 
lated. 




Nog'iiiivi'. 


Do. 


Do. 


A l)r<nvii ilry rot, dcvi'l- 
0 ( 10(1 ill tilio noifj;li* 
iioiirhood of iioiiK' of 
Mio wounds Itiu, ilii.s 
did not, s|irciul oM'i'iit 
ill OIK' li'uf, wdiioh 
drii'd u|) slowly. !u- 
foi-lion ii,])]i('nTi.*(l tn 
1)0 UriUidly liuitf.i'ii io 
I, 111' woiiiidi'd iur:i. 
d'lu' jiotioli' ituicii" 
hil.ioiis ;yiv(' no 
roKiillH. 

Ncj'iijtivi*. 
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Name of plant. 


fJ'Jmlh (’.ni h i c n n i « . 
Seedlin^f; in a pot. 


Dill.o 

(■lurkin. t' I r.ij II v .s . 
8i'e(llin,j.f.s in a pol. 


t'^alpiiilfj.wii.i viiriih 
hi I/, 'I. iSe(!(lliiij?.s 
in a pot. 


iSchiznnthiui niii-sii 
aiul mixral sji]). 
SeiHllin.iJis in a. pot. 


Fufiopijruin v,<iciili',n- 
Putu iSwM 11 inf's 

in two pot.s. 

Giltn niralin and 
mi sod s])p. >S(H'd 
lings in a pol . 


Ditto 


IVovioualy knoAvn 
to servti as 
host fill' : — 


Ph. omnivoni, oiuw- 
voni var. .l/eew. 
Fallen, parmit- 
ica. 


Pit. miinmira, oiiini- 
eora var. .■Irffoi:, 
Fallen', ■iiaraeit- 

Ph. innnimra, iniiin- 
ram vai‘. ,l/v<vp. 
Fallen', [lara.'illien 
known on .SV//p/- 
gla.i.'ia.'i spp. 

Ph. /•H/cs/f/as, immi- 
■riim, (iianimea Vii v. 
d Fallen', 
■jia I'll fill it'll known 
on i'lehizaiitliiis 

ttpp. 

Ph. iiiiiniinira, para- 
.‘titiea, known on 
7''f/(/o/))/r//,/a spp. 

Ph. iviinivnra, peirasi- 
tka known on 
(UHa Hpp. 


Nature of 
imxailation. 


Stems a.n<l buds in- 
ooulatod without 
W’ounding. 


The seedlings si»rinld- 
ed with the .suspen- 
.sion of Koospores. 

As in Le.'pidi a'tu- aali- 

VUfli, 


Ditto 

Ditto 


Ditto 


l)il;to 


Ditto 


Ditto 


Ditto 


iltvailh,. 


Negativi'. 


Do. 


Do. 


Do. 

Do. 


Dc». 


Dtt* 


1)(V. 


Several .“UMidlings droop- 
ing afler fhreedays. 
Placed in water on a 
slide gave a eopioii;. 
growtli of Phiitiiph- 
llioni < 'iiloefieitv, 

hearing sporangia itj 
2'l lionrs. Uoih the 
eotyledoiiM and <he 
hyjMX'otyl were in- 
feef('d, ' Die la tier 
being as a rule more 
severely aDiudied. 

Several seedliiig.- 

showed (IrooiiiuLr 

eolyledons after tw'i 
ilays. On the Diird 
day a numla’r had 
eol'la|).sed. AhonI dl) 
or 7t)'!,', of these in- 
oenlati'd died. llv- 
phm Avit.h sporan/.da 
of Phi/liiphthiim (U>l- 
iieafiiai dcvelofied 
in from ti In :>■{ 
honrs, w hen jilaeed in 
water. 


Opiintia DiUenii, 
A young plant. 


Lapiilinm satin am. 
Seedlings in a pot. 


Ph. cactonim, omni- 
vor a vai'. Arocm, 
Fahcri and Sijrin- 
(jcB knoivn on 
several caieti. 

Ph. onmivora. 
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' All tile inoculations failed except those on seedlings of Gilia, 
where they succeeded well, and on wounded leaves of potato and 
tomato. Tlie potato infection was definite, that of toinato less so, 
as little spreading took place. The controls remained healtliy 
in every case. It is clear that the present fungus is restricted in 
its choice of hosts and therefore more highly specialised than species 
such as omnivora and its allies. 

A few tests were made to determine whether temperature ha.d 
any effect on the infection of seedlings. Seedlings of Gilia, Clark/ia, 
(Enothem and Fagofymm were used. Small pots containing the 
seedlings were placed in the cool incubator at 25°C., others being 
kept in the. laboratory, the temperature of which, at the tin,ie was 
just over 3()°C. Both sets were inocida.ted witli swimming zoo- 
spores, which at the former temperature are foi:,med freely but at 
the latter only if sown in chilled water’. The Gilia seedlings were 
attacked both in the cold and wa.rm pots. (Enothera and Glafkui 
remained healthy in both. Fagopjnini was attacked, at the 
cotyledon of one seedling only, in the cool incubator, but .not at 
all in the warm pot. Temperature variations witliin the limits 
which markedly affect zoospore foi’inatioi], have therefore little 
influeirce on the resistance of seedlings of the species tried, to 
Phytophthom Colocaske. 

V. Systematic position of Phytophthora Cologasue. 

Raciborski (^.c.p. 10) noted that this species appeared, to bo 
most closely allied to Ph. PhaseoU Thaxt. which it resembles in the 
size of the sporangia while differing in the characters of the stalk. 
With Ph. omnivora de Bary it agrees in the small number of 
sporangia formed on each sporangiophore. It is quite different 
from Ph. Nicotiarm Breda de Haan. 

Sawada (Lc. j). 1) transferred it to the Ka/walca/mda as 

K. ColocasicB (Rac.) Sawada. Kawakamia is defined by Miyabe' as 
parasitic, without haiistoiia, with conidiophores emerging from the 

^ Miyabe, Kingo, in Kawiikaini, T. “ Kawakaniia, a now genus Ijolonging to tlio Perom)- 
sporacece,” Tokyo, Sbokwabo & Co., 1904. 
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Mloniiiiii, in‘.V(M‘ lu‘jin.c.l)ini*' lV(»in liu' <»! (hr jiiui 

with a, short sKmkIio’ |)<‘di(a‘h<'.(',ll ; tlu* roiiidia tanon 
sha, }.)('(! with a. ])roniii!(iiit o{)ias<i (naik aji<i wiHi llw 

thiclvonod septum hotween tht^ coiiulium aaul ihi'. fMalicid rrii 
wliic.h forms a peculiar short tail to t]i(‘ spore. The other ehai-ai'" 
ters are as iu Phylo'pUhom, from whic'h genus, accuuding to Miyahe s 
description, it dili’ers only in. the pedicel-e.ell, a iail-likt' appendage 
to its eonidimn, and in the. shaf)e of the conidia and eonidiiphores. 
d’he.se diderenccs ap])ear to be of very slight sysbnnalie vahm and 
whatt'ver may b(‘ sa,id for MiyaJ>e.’s tvp<', lufirakanihf i^ijpei'L ilu' 
fungus now undiu’ eonsid(‘ra.tion can si'areely be ri'uiovi'd from 
riujtophthom. in. myeolial (‘haraeters, hausi.oria. spnrangiophon's 
and sporangia, tlunv are no points whieh eannol. be parrdh'led 
ajnongst other /Vy///ep/g//nm.s‘. exei'.j)t ing that, (In* ju'dicid cadi may be 
of unusual hmgth. It is, howc'.vc'r, oft.c'U very shorti in enliur«' and 
such short stalks, r'cmiaining ailacdu'cl to the* sporangiunu are somce- 
times found in /Vo ///./e.s7nins-' and /V/, P/iasculr. Tin* cdiuracdc-rs of 
the sexual reproduetion, uidvuowu to tdn.wacla, an* cnjuaily in olose 
similarity to other such as Ph. pc/ms/V/V'f/, Ib'iua* 

it is not possible*- i-o maintain Rawadais nonumelai un^ and tin* s})e(‘ic’is 
s.hould he reHtonul to the ])osit.ion given it. by Itaeiborski, 

Amongst ot.ln'r Pfiyhyplillionf^, only a f(‘w show eliaraelrrs 
similar to those*, of. Ph. (U)h)ni,si(r, Of t.h«*s(f. tin* ehic'f is PI/. Pfiftsi'oll 
Tliaxt'., a species parasitic on i^hasvolHs linmlff-s in t.lu* incited Stal{^s 
and Russia. From an examination of (dintoirs'* ligurc's it can 
hartlly he doubted that the pcnadiai* typcc of develojcnnnit. of the 
sexual organs described above in J^h. Coloc.atiltr, and cdso by Dastnr* 
in Ph, 'parasitica, .is also found iu Ph. Phascoll. Clinton, imh'c'd, 
states that for a long time it was ditlieult to decide whOlu'!' or not 
the oogonial thread did not actually peiietraic* tin* ant In'ridinm 

' De .Bai'v, A. Oil' go^cnwiiU.if;' iKaTSfhtMidc i\aH.(»nV‘lkr;i,tiklirii., lj(d|Miv;. ISi,t!, Ii!;s. I, 
and ‘.I. 

- (.'lintoii, 0. 1*. l)o\vny .Mikk'w of lanin Ifcaiis. t'ojm. K.\))<'i. Sin. Uopoil, liDi,., p. 

Olhition, 0. P. Arl.ilicial (Milf.unj.s of /V/;/i!(:)y<//7//om. K.xpor. Sl.a. Itoporl:, n)(r< ciK. 

PlaWs LXKIV and LX XV. 

‘ ifaKtiir, K. On I'hi/tophtlioni /mruniliai nov. niicc., a ju-w ilLcioii- of ihr c'.i lor oil 
plant.* .yein. .Dept, of AKric. in India, Hot. Sea-.. V. Xo. UHS. 
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and that ho wus not certain that this does not sonictirnos o(;ciii‘. 
Tin; sexual, organs themselves approach those of Ph. Golomsur, 
(.■losely in measurements. kSo also the absence of branching in the 
(.‘.(midiophores is a point of resemblance, l^ut the clniracters of 
the external growth on the host differ considerably, that of F/n 
Phaseoli being conspicuous and forming a white felt on the pods 
while the Golocasia fungus is with difficulty visible to the naked 
eye. The coniciiophores of the former are also many times longer 
than those of the latter and they produce several sporangia suc- 
cessively, the stalk continuing its growth by a new brancli just 
b(dow the spore, whereas on Golocasia usually only one spore is 
borne on each stalk. The sporangia ai'e shorter in Ph. Phaseoli 
and the basal stalls left attached to the spore, wlie.ii it is slied, is 
less distinct. These differenc-ea are enougli to separate tlie two 
species. 

From the other species of Phytophthora with s(‘,xual s])ores 
resembling ours, IFn Dastiir is at once se|)arated by its 

broader sporangia, longer eonidiophores and smaller oospores. 
Inoculation experiments a, Iso show that its range of hosts is very 
much wider. In tlie group of for-ms formerly inchided as Ph. 
omnwom de .Bary, tAvo r-equii’e consideration as ha,ving possibly a 
similar type of development of the sexual organs to oin.- species. 
Tliese are Ph. Fagi as described by Himmelbaur' and Ph. ommvom 
var. AreccB Coleman. Ph. Fagi as first describc'd by Hartig''^ 
was figured with the antheridium sometimes arising on a distinct 
hypha and attached to the oogonium at some distance from its 
base, sometimes on the same stalk and closely applied to the base, 
so that the oogonium appears to arise directly from the anthe- 
ridium itself (Hartig l.c. p. 49 and Taf. Ill, fig. 24 b.). Ilinmadbaiu.' 
states that tlie antheridium is attached to the uiukrside of the 
oogonium, near its base. It appears probable that a. jametration 
of th(‘. antheridium by the oogonial stalk sometimes occurs in 

' iliirinicIlKiur, W. Znr Kt-niilius dor PhytopliUiomui. .liibrli. d. n.itidiuru Wi-s-soirsdi. 
AiihluHtMi, XXVII!, 

' lliirliy, n. Oi'i' Ikiolitniktdmliugapilz, /Vi/ztojij/d/iom Fmji. Untors a, d. I'ih-.sIImiC-ui. 
iii.sl. ■/., Muncluui, I, ,ISS0. 
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fJiis specit^s. It is, iiowovcr, midily (listin^nishtMi i-roni. /V/. ( \>Uh'(ihi(v 
by its rofjjubirly sbaped jwmI sinalhu* In. Ibo spccit's on 

Afeau as {.lescr;ibo(l by (3oleman’, tlawnitbendiinn in sunm 

cases at least, before the oogonium and the .labte.r <',(>nK's to lie 
immediately above the antheridium, wliic'h is applied n,t its bast'. 
His figures suggest an actual penetration of the antl.i('ridiuin by 
the stalk of the oogoniuin (see espeoially PI. XVJl, ,Pig. 9 and PI. 
XVI.II5 Mgs. 1 and 3). But the oospores are, huger than in !*h, 
aiul the sporangia broader and borne on luou' braiube.d 
conidiophoreSj which form a dense felt on th(‘, nuts, ddie rjingi* of 
hosts is also considerably wider’. 

The only other species in which it appe.ars liheiy ihal. the 
oogonial origin grows through the a.id-iu‘.ri<liiun is /Vo hil<>shnis‘. 
Clinton’s figures, especially Bl. XXXIX M a,nd 1*1. XL, P>, Ib P 
and I, are clearly capable of this interpreta.tion. {hit t,lie oos[)ores 
are larger than in Ph. Golocasiw and the s])oi’arigia, sinallcM’ and 
borne on characteristkadly bram^^^ conidiophon^s and tiiere is 
no danger of confusing the two speci(is. 

In none of the other species of Phytoflithom wliicli liave Ixum 
described are inarked relations hijis with PL GaloimliH <'vidi’nt. 
either in the sexual or asexual stages. The species is indeed on*' of 
the most distinctive in tlie genus. 

VI. Trisa TMKN'r ojs 'ruis n 1,8 is as is. 

Sawada reports an (.‘xperimont to test lli(‘ elTeet of P>ordcmix 
mixture in checking the disease. Hail of an infecti’d fiel<i was 
sprayed with Bordeaux mixture to wliicli soap laid been addiuL 
A. month later the sprayed portion was found less infected than llie 
remainder, although there had been mncii rain, and confinued 
gloomy weather. Before spraying all infectc<{ kaivi’S wei’c^ i-mnovn-.d. 

Bordeaux mixture has considerabU’. [U'ospecis of succisss. 
owing to its proved efficacy in allied diseases. The. sporangia, ari' 

' Col(.;mati, L, C. DiscawjH of tho Ai’oea Palm, T, Ivoluro.ifa. Uiill. .Oo])!. of A,i'i-ic., 
My.soro Sliafco, Mycol. Ser. No. 2, U110, aiul AuiialcH Mycolo.i;ici, 'VII 1, 1010, p. r»01. 

Clinton, G. R Oo.yporo,'^ of Potato Plight. Goan. E.K|K!r. Sta. lOO'.MO, p. 7."»I5. 
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produced cliiefly on the upper surface of the leaves and are therefore 
more readily reached by the mixture than if they were conhned to 
the under surface, as often occurs in potato blight. Experiments 
to test the value of spraying have not been possible, as the disease 
has not been severe at Pusa since 1909, when its study was com- 
menced. The expense of spraying makes it a method of treatment 
which could only be practicable in very severe attacks and it is 
doubtful if it could be brought within the means of the ordinary 
cultivator in India. 

In the early stages of attack, all spotted leaves must be removed 
and destroyed. This will be elective in delaying the period of 
severe attack and giving the corms time to foi'in. 

Conns kept for seed should be gone through at intervals and 
ariy that show signs of ratting, removed. At the time of planting 
only sound corms should be selected. This is probably the most 
important point in the control of the disease, as provided that a 
sufficient rotation is practised, the fungus is likely to disappear 
from the soil unless reintroduced in infected corms. 

Planting in shady localities should be avoided, as there is no 
doubt that the severity of the attack largely depends on the humi- 
dity of the air. 


December 1912. 



immuvmm of vlawm i to i \/. 


iPhf/lopIifJiora Cohrasiw Rac.) 

(PliU<! 1 wua ])aiutt^(l ]>y K. Daa ; flta inicroscopicul draw "niji.s wan* <l,u.U(‘ in 
lamcil wil.li ilui aid uJ! tli<i caincru lucidii l.y K. d. n.,anil cupuai in iidv hv K. Ua.s,) 

Plath I. 

Lower : a loai oi Ihdtica.'iia aiillffiKiiinii Sclinti. .\avricly adacbai hv 

PhjUrphlhom iU)l(im.sia Lao., \ij‘\vcd fiom almva. 

Cf]»lHM' lijfure : a yomiy, IIowit niiiiiiatly alTarfad. 


F)K. i. 
Fi,u'. 2. 
Fii*'. ;j. 
Fi-. ‘1. 
Fi». 0. 


Pla’i'k II. 

SuH'ai-o viow ol’ a |K>:ilio,ii ,ii: a laa! nJ‘ Colovasia uvtHimmiw, (aMrinn, 
sporaiif-iii, (il! f^l/ijfiipldtiora (Adaru^itr. X 

of iippof aurlaao ui (%,fnrasl„ leaf hv -a, in dial in- j'.oo.Manas. 
2'1 liours allar inuniladloi). iX Udu. 

Ditto, .showing .namidnlaw (laaaiiiv, lu-iwnou tlu- ojiidtTnini follN. iiol 
tI)rou^j;li iJiaiii. X DdO. 

Kinoruoiicc ol, a liy|ilia, t!iioi,..Ji an o,,id,.iinai rati .d t'iu- under aniface 
ol. the ,sam.j l(>al' a.s in Kiy,. ,T Mdrd day after inoeulation. X iClli. 

J art ol a and ion ol tiioe(i»ni td! < ’alDt’itsiii uitfii/iiurniii . r.liowiny Iieplia- 
of Phiilop/illiortt ('ahivsiiv iMdh in and he|\M-en "tlie ndla <d' fiie’ |iau>n 
ohyniu and also in llievesstds. X 


l ‘ l.ATK HI. 

Li<>;. .1. Braiinhiiio Jiyplno Iroiu a (lean-ayar cidluiai at ;i))out Ihe .siirfacin of 

tlic aj^ar. X d3i). 

itig. 2. Ditto from .sulmiorgnd niyccliuin. X ddO, 

Fig. d. Ulthnalo lamilioations id! sidmiorgt'd mveeliitm in hoait-a'-ar 

X 3:k). ■ ■■■' ■ 

Fig. ‘1. Aomd myoolium laniriiig Hporangia, from a Inam-agar eultiite. '} U- 

rtporangia are Imtli lateral and terminal. .\l o. a i.ramdi aii.av iuM 
below a septum, X 330. 

Fig'- t), A group of sporangia Iroiu a st.rojig lidunauar cult tire, X 

Big. 6. Irregularly shaped sporangia, tlie upper tunned wit.ltoul. stall- l<v 

lateral outgrowtli of a. Iiypha, X ,‘1,‘30. ' ' 

Two sporangia with unusual types (d‘ insertion. X 


Fig. 7. 







PLATE III 



PHYTOPHTHORA COLOCASIAE RAC. 








nTJTI.Ell 4NT) KTOKAENI. 


201 


} h'JftllH t»l ilm siipta. If, A ^poiip showing tlie I'orniation of, {’^iIl^lo.s(^ 
iot <»tto or i)oj-,h Hidos <d tho liypha. /». Hopto in an old liyphn, the 
f- pai-o bot wi'Oii tlio soplu Iming fillod witli cell contents, wliile above 
Jiju! 1h>1o\v it is ('inpty. c. A thin regular Kcptniu p.roba])ly of very recent 
jurniatiitiK d, Scptimi cutting oil a latornl branch. I’hc other septa show 
varioii.s type.s of thiokoning, X ftSO, 
l>’ig. U. ( '!ila!ny(1os-|)m-es from oat-juice agar. X 330, 

hig. Ht ({eriniuatiou of the zoospores, X 330. 

hha, I {. (termination of a zoospore -while still within the sporangium, X 330. 

Fig. 12, (termination of a sporangium with direct production of hyphae. 

I^'ig. 1.3. 'fwo s])orangia which have germinated with producti<ui of 

sec.omhiry s))oraugia, the hnvtw one. having foimcd a tertiary also. 
X 330. 

Fig. M. ny])lia witli sporangia from a, conn taken about a month after 
harve.st, cut in two and j)lac.c.d in a moist cJiambev. X 330. 

Fi;,;'. 15. 'I’wo sporangia arising from the .same stalk, the hnver hamed after 
i,!ie u{)per, wliicli it has ])ushed to one side. X 330, 


Plate IV. 

h’ig,. I. A mature .sporangiunt w'ith singhf inegular vacuole and distinct 

papilla. X 030. 

Fi.a. 2. A sporangium shortly be.fore discharge, showing tJio sjdierical 

vatjuole. X 030. 

Fig. 3. Kscape of t.lie zoos])ore.M. On tiie right two free swimtuing zoo- 

sjjoi'cs. ' X OfHO. 

Fig. 1 . FormiU.i«)n of the (►ogoninm on a. .stalk which has jjenoirated the 

jintheridium. X, 030. 

Fig. b. Oitto. lat(U' stage. X 030. 

h’ig. {■). Dit.io, later stage!, the coutenis of the oogonium having contracted 

to form tin*, oosphere. Antheridiiim empty. X 030. 

•Figs. 7, H, 0, JO ami 12. .Fully formed oo.spore.s with persistent anthericlia sur- 
rounding the. stalks o.f the otigonia. The origin of the oogonium on 
a lateral brauc!) from a liypha is seen in Figs. 0, 10 and 12. X 930. 

Fig. 1 1, I’wo o(»gonia on a I'.nmmoii stalk, the luaneJies from which penetrate 
two di,stiiu!t antlieridia, X 030. 

h’ig. i’t. Mature o<ispore, showing persistent anthoridium suiTouiuling the 
stalk of fhc! oogonium. 3’he anthe.ridial .stalk is visible on the right. 

Micro-photogTapli. 

Fig. ! j. ,l>itttt, showing tyjie of oogonium with tliickencd wall, Mioro- 

JlllOliOgl'U,])]!. 

(We :ir(i indebted to Mr. lb M. Ilutcliin.son, Imperial Agricultural Bacteriol- 

o'.'isi.. Pussi. for the micro-phot()gra})]is reproduced in Figs. 13 and .M, for whicli 

a Zeiss ;> mm. apocliroimitii* oil immersion lens was use.d.) 



PYTHIUM BE BARYANUM HESSE. 


BY 

E. J, BUTLER, M.B., F.K.s. 

Imperial Mycologist. 

PyfJmim de Baryarmn Hesse, thougli extremely eomnioii as a 
facultative parasite in garden soils in Eim)])e and the, United 
States, lias not, so far as the writer is aware, previously htam I’e- 
corded in Asia. It has recently been isolated from tli<‘ soil o1 the 
Pusa Farm and a short note on its occurrence may Ix'. not, without 
interest. 

The species was first described by Hesse* in 1874, as tin* ciuis(‘ 
of a disease, since widely known under the name of damping olT,” 
of seedlings of Camelina saliva. It has frequently iaam obs(M:ved 
since on many hosts, and a brief summary of our knowh'dgi*. of its 
habits and the plants which it is capable of attacking was published 
in these Memoirs in 1907L More recently it has (iome into pro- 
ininence in Central Europe as a cause of the disease of be<d™i’ooi 
(especially sugar beet) known as “ wurzelbraruF.” 

In November 1912, some seeds of castor (JUtdmis c.owwunis) 
which had been sown in pots of unsterilised Pusa soil and had 
failed to germinate, were examined. A Phycomycetc, b{‘aring 
numerous oospores, was found in the caruncle of the scmxL Iso- 
lated on boiled ants in the manner described in the writ(‘,i’’s me.moir 
on Pythkim, a copious clean growth was obtained in wat(>r. This 

' l-lfw, K. Ut'bc*!' Pj/ihhim dc Burynnnm, cin cntlophyUHtilin- .St'hniarolzcr, Ihilli- 
(Inaugr. Dissert.), 1874. 

.Butler, E. J. Anacoountof the genus Pythimi anti some Vhylrhliuv.nr. Mem. Dcjil. 
of Agrio. in Inditt, Bot. Ser., I, No. 1007. 

•* Peters, L. Ueber die Erreger des Wurzelbrandes, in Busse W. Onttu-stieiumgcn iibei' die 
Krankheiten der Riiben, T), Arb. Kaisorl, Biol. Anstalt fiir Land-und .Forstwirtsehaft-, \'iH, tJ, 
1011, p. 211. (Gives a full aeeount of tlie assoeiation of PytJinm de fiarymnivi with this dis- 
ease, ineUiding references to pi-evious ■work.) 
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f)ore sporangia and conidia on the extra-matrical part of the ciil- 
tirre and oospores within the tissues of the ant. 

From, an examination of these the fungus proved to be the 
well-liirown Pythium de Baryanum. Subsequent ant cultures gave 
oospores also on the extra-matrical mycelium. The fungus grew 
well on boiled Ricinus seeds but on this substratum few sporangia 
were formed, oospores being very numerous within and outside 
the tissues. Seedlings of garden cress (Lepidium satimm), which 
is well knowii to be subject to damping off, were attacked in charac- 
teristic fashion when grown in soil containing the fungus. The 
reproductive bodies produced in this substratum were chiefly 
oospores,' which were developed both intra- and extra-matrically. 
The failure of several observers to obtain the sporangia of this spe- 
cies is possibly to be attributed to the cultures having been made 
on plant tissues only ; sporangia appear to be rarely produced under 
such ci].’cu instances, wherea.s on animal tissues they are formed in 
great abundance. 

The mycelium is composed of much branched hypluB, the main 
strands being up to 4 or 5/t , in diameter, the lateral ramifications 
much finer (PL V, Fig. 8). Irregular swellings, such as are formed in 
several other members of the genus, are not common, the. hyphffi 
tapering regularly as a rule. Within the tissues, septa are infre- 
quent, except in the older stages, but tlie aquatic mycelium is richly 
septate, especially as soon as the hyphal contents begin to be used 
up in the formation of the reproductive bodies (Fig. 9). 

Sporangia are found in large numbers on the second day in ant 
cultures. They are terminal or intercalar, the former being mostly 
spherical, the latter elliptical or irregular (Figs. 8 and 10). The 
hypha near a sporangium is frequently emptied of its contents, the 
empty pai'fc btung sometimes cut off from the full by a septum. 
Germination in undisturbed cultures generally occurs while the 
sporangium is still attached to the mycelium. A very prominent 
beak is formed, generally laterally and about equal to the diameter 
of the ’.porangium in length. The sides of this beak are not usu- 
ally as straight as is figured by Hesse. A single large vacuole is 
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prcw'Ut. in nnitniv. s(K)nm.{j;i;i, <liMii|)|)onrH slnn'li.y l>i‘}'niv /-.Mwp.uv 
fnnuaiioii. T\w liitUn: pr<M‘n,s.s is similar In tlnif ni oIImm- 

sp(M.n.os of i-lu' g’cmis, tlm H|.H)ra,iigiu.] coninnl.s nst^M|M!ip; mio a, liiii)' 
walled vesi,cl(‘, foriued at blie apms: of the. hea,k a.ml mainraltmi t*i 
the zoospores taking place witliin. this vesie.h' (Kigs. li and !2). 
Five to eighteen or moiv, zoospores ina.y l)e given i)y a. spnranynuu. 
The zoospores are still (ignred, hy a eiirions cas<* (d' persisimav ol 
error, in most text-hooks, as being p(air-.shap(‘d aial iinmalialf. 
Even in a recent origimil stu<lyk Hesse's old liguivs oi 1S7 I hav(> 
be(m cu])ied. As the fungus is pre.seriht'd as a Ivpe in tin* botany 
syllabus of many inslilntions a,nd is included in .si'veral popular 
text-hooks, it is as w<‘ll (o lx*, ancuraie on this poini, When tirsl 
libemted the zoospom. is longer Ihan i)ri>ad, tlu‘ two !t>ngcr sides 
being uiunpud in length and the shorter of I he iwu someilmes de- 
pressed in the (xmtn'., the shape; Ixuhig like, a lx*a.n somewhat lla.t - 
toned vcrti(*.ally, a.nd with otu' end mort' poiided lhan I In- other 
(Fig, 13). From the hollow or hilum t.wo eilia arise and diverge,: 
hy their movements tlu' z(x>spor(' swims rapidly. As it. slows dinvn 
it becomes shorter and thicker, the t^wo cilia bcmig still distincti. 
When it comes to rest, the eilisi aiv re1,nie,t.(u}, but their position is 
still niarkaxl for a. time by two dro]>let.s. iierhaps (d a fatty nature 
(Fig. 14). No ease was Ke<m of a,ny te.mhuK'y of the zoospfires l.o 
divide into two 1-ciliate s(‘e,ondary zoospores, as desea-iboil hy 
Atkinsoir in PjjfMum mtermedbrni. It is i'.xtreimdy pmhahlc, 
therefore, that Jlesse’s lignros wer(‘. ba,se(l on (UToneous oijseia af ions, 
the more so that they have not been confirmed by otlau’S sinem ddu3 
type of zoospoi-e. in P. de Banjemum is that norma,! for tlie Pemnos-* 
foraeece as a whoku 

On germination the zoospore emits usually a sitigk' gtu-m-t ulx*, 
which grows to a considerable length and liranelu'S at. Hie rxiremit v. 
It is sometimes septate (Fig. 1,5). 

' I’eters, L. Kino haufitfo iSl.i'(!iclinftskr(iiilvh(!il. dcr Otii'l.fiiiloi;!, I'.UU, Tal. 

' , 1582 . . . 

Atkiiwoii, G. F, “ ’Dam ping oil.” Ooruoll UnivorMil.y .'Igrif, ICxikt. Sl.tl.. Cmll. iU, 

1895 . 
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Tlie conirlia. wliich were especially formed in cultui’es on 
plant tisanes, do not differ in any way from the sporangia, except 
in their mode of gei'inination. Morphologically they, no douljt, 
represent sporangia functionally changed in colonisijig the hind. 
Germination occurs by the protrusion of one or more germ- tubes 
direetly from the conidium (Fig, 16). 

The sexual reproduction is well known. Oogonia are formed 
usually at the ends of lateral branches, but are sometimes also inter- 
calar; A study of the early stages shows that the antheridia 
are often formed almost simultaneonsly with the oogonia, by 
branching of a single hypha (Fig. 6). The oogonial stalk is fre- 
quently loiige.],' than that of the antheridium, but ciii.'\'cd so that 
the tips of the two hyplise come into contact (Figs. 4, 5). Sometimes 
the antheridial cell is cut off while the oogouiuniis stili in free com- 
munication with the stalk hypha (Fig. 2). Usually thei'c is only 
one antheridium, which arises from, the same hypha. as the oogoniuiu 
or, less often, from a neighbouring but distinct hypha. Gcca,sion~ 
ally two antheridia are present and othei.’ observers have seen 
three. Whether all are functional is not known. Bometinves 
instead of the antheridium appearing on a distinct brancii, a part 
of the stalk just below the oogonium becomes cut oil to form an 
antheridial cell and fertilisation takes place across the basal sejdiim 
of the oogonium. 1 have not observed this condition. The cyto- 
logical details of fertilisation have been fully studied by Miyake.’ 

The following are the measurements of the various reproduc- 
tive bodies obtained in my cultures, after fixation with osmic acid 
and mounting in glycerine 

Sporangia and conidia ; 16 to 26m. (av. 18m). 

Zoospores after coming to rest : 6 to 8m. (av. 7m). 

Oogonia : on ants 16*5 to 21m. (av. 18m.) ; on Ummis and 
Lefidium : 16 to 26m. (av. 21 ‘2m). 

Oospores : 12 to 20m. (av. lOu). 


' Miy.-iko, K. The Fortilis'-ation of Pytlikim lU Ban/anum. Aim. of IJot;. XV, 11)01, 
p. 033. 
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It is soiiicwiiat curious that damping ofV of s<H*dlings has ant 
bccji juorc jVecjuently observed in iiidia. The few e.as(sH wliieh hiu! 
previously come under tlie writer’s notice were due l,o 
It is possible, that this pest of gardens and plant hous(‘.s m ttnuperaU' 
countries is kept in check by climatic conditions in tiu‘. Irojln-s, 
since its occurrence at Pusa shows that it is present in sods (‘Xjxjscil 
to as high a temperature as is ordinarily found in the tropi('s. Its 
parasitism appears to be as strongly marked here a.s elsewlu'rtu f(»r 
not only did it cause germinated cress seedlings to damp ofl, but il 
prevented germination in seeds of Ricmui^ in a, manner similar to 
that recorded by Peters' in seeds of beet-root-. 

The treatment of damping off is based on tin*, known conditions 
which predispose seedlings to this disease. TheH(‘. art' ovtu'crowdiiig, 
growth in damp, stuffy localities, excess of watt'i* in tin* soil. t^\*f'c.ss 
of organic matter, especially decaying vegetable debris, and us<* of 
the same soil over and over again in ])lant housc^s and pots, 'rin* 
addition of sand to the soil, so as to improve its ttixtun*, freijuent- 
stirring of the, top soil, exposure to sunlight a,nd Irtish air, evt'miess 
of temperature, good drainage and frequent ehangt^ of soil, will 
generally suffice to keep seedlings in pots and foicing-beds healthy. 
In open cultivation the disease has not; been ft)und to do imuh 
damage, except in the case of bcetTrO'dt, win* re several ot,ln*.r paj’a • 
sitio fungi nicl Pf/tkimn ch Barg^Mmn, in causing the <;()uditi<nj 
known as wurzelbrand.” 

Pusa : , ; 

January 7thi 1913. 

^ Peters, L. Biol Anstalfc, VHI, 2, IDII, p. 225. 
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BBSCEIPTION OB PLATE V. 

{Pythiim de Baryamm 

{All figures magnified 640 diameters) 

, co»..enced. 

" Tl. a— > Xfi; cu. „fi.theoogo„H» .m in co.nnn,nica.«n 

with the stalk hypha- _ ntiPliAriflium 

3 and 4. Early .tagea "* ".ua 


Fig. 12, 


Fig. 

Fig. 

Fig. 

Fig. 


t. Early stages of oogomum organs. The more 

enrvIdTaS SI X otte l,Eo antEeridinn.. 

Two ripe oospores, showing antherid-a stall attached. 

M^ciCtSpoSr betee the connnenco.neut of gertnina. 

Older mycelium with sporangia which have commenced to germin- 

ate by putting out beaks. _ i 

Intercalar sporangia, showing “regular shapes. ^ 

„..rr::ErfS;s:— 

rangiuin has accumulated. _ 

‘IZoosnores during the free swimming period. , 

Zoospores after coming to rest and while the two cilia are being 
retracted. 

Thegerm-tubelsheginning 

to branch at its tip and part of the spore-contents have passed into i . 
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OBSEEVATIONS ON THE DOWNY MILDEW 
(SCLEEOSPORA GRAMINICOLA (SACO.) 
SCHBOET.) OF BAJEI AND JOWAE, 


Ct. S. KULKARNI, L.Ag., ' 

Mycologiml Assislant, Bomhay Department of AgnmlPme. 

This disease is found on three cereals, bajri {Penmsetum typlm- 
deuniY io^Yar {A^idfopogon Sorghum); rala {Setepria and a 

fodder grass {Euchlwna Umwimis). It was first^ described in India 
by Dr. Butler'. He has dealt with it in detail, giving a fu c ^ 
tion of the fungus and the changes it induces m the hos.s. > 
observations are chieflv concerned with the field characteis o . ic 
disease onbajriand jowar, though certain additional interesting tacts 
have been observed in connection with the conidial form on jowai. 

Bajei Sclergspora, 

The disease is detected on ba,jri plants in their very young stage, 
iust after they put forth two or three leaves. The affected plants 
are pale yellow in colour, and the under surface of the leaves is covered 
with a white downy material, consisting of sporangiophores and 
sporangia. These are found on the upper surface of the leaves also 
to some extent. Ultimately, when the plant is mature, the peculiar 
malformed head is produced. For the detailed description of tlie 
inflorescence and the further effects of the fungus on the host, the 
jMemoii* already cited should be consulted. My observations are 

(1) That infection seems to occur only at or before the seedling 
stage of the plant, for the disease is confined to plants 
which show it from the beginning and the aeeondai\y 

■ Buller, E. J. Some diseases of Cereals caused by Sekrospora grammicola. Mom. Dept, 
of Agric. ill India, Bofc, Ser., 11, No. 1, 1907. 
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infection of other plant, in the field ha. not be n 

‘Served. In order to verify thi. 15 inoc« - 

made on plant, not more than 20 day. 

experiment the moving ,,V,,n,l the 

to healthy plants on both surfaces of t re ear e. . 
plant rvas covered with a hell-iar, . 

infection in any plant. Besides, m the , ^ 

observed that the plants in the neighbomhood of h 

when tlie plant is completely mature, along, 

oospore state. ^,rixr in the 

(3) Although the maHormation of heads occurs only 1 
^ ' pUmts which are affected from the begrnnmg. A ^ 
uncommon to find plants otherwise 

producing deformed heads. In other cases a defoimcd 
axillary hud is the only sign of disease. 

Jowah Sclebospoha. 

1 C hiric. lintit in three different 
The disease manifests itself on 

form :-Here the attach is .ust h^ ^d^i^ainpl^ 

The disease is found on the plants are 

it comes up f ,,,temling from the base 

pale yellow in colour, the palen.,& . 1 ,osp of healthy 

torvards the tip, and they are narrow coinpa. ^ f 

plants. Conidiophores and conidia are ^ ,, 

leaves hut more abundantly on the indicating the 

weeks, white streaks appear on ft at leaf -shredding appears, 

bevimiing of oospore formation, and soon altei leaf l 

hre shr.:;iding usually begins from the -rgm towmds ^ — 

from both sides of the leaf and, when complete, only the 
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remains. The oospores are found even on the sheath of the leaf 
encircling the stem. The plant never attains the usual height and 
no head is produced. The disease is confined to the individual 
plants which are aSected from the beginning. 

2nd form : — The disease appears after the plant is about two 
months old. The top leaves of the affected plants become white, 
the w^hiteness extending to the base of the side leaves also. Irregular 
streaks appear on these white leaves, oospores are formed and soon 
shredding begins. On the lower leaves pale yellow patches appear 
at the base, on which the conidial stage is found. In this form the 
conidial stage follows the oogonial or, in some cases, they appear 
simultaneously. The affected plants rarely produce heads, and 
the heads, if formed, are much reduced in size and have a few small 
grains but are not malformed. It is the most common and prom- 
inent form in the fields and presumably causes considerable damage. 
Here also the disease is confined to the attacked plants and does 
not seem to spread from plant to plant. 

3rd form : — The affected plants have on their leaves long, 
narrow streaks and patches. The streaks are first pale yellow in 
colour, become orange and finally turn dark brown after the cells of 
the attacked parts are dead. The conidial stage is found on both 
the surfaces of the patches, but more on the lower side. The patches 
appear to spread from the lower leaves to the upper leaves and from 
the apex of the leaf towards the base. The upper leaves have the 
patches only towards the tip, the middle ones have more than half 
of their surface covered with them, while the lower ones have 
their surface completely covered. The patches are bounded by 
prominent veins and increase mostly longitudinally. When the 
attack is severe and complete the whole leaf dries up after turning 
dark brown. No oospores are formed and no shredding of the leaf 
is observed. The plants produce normal heads. The disease seems 
to spread fi'oin plant to plant and in the field big patches of affected 
plants are visible. 

From these three different modes of attack it seems that, in 
bajrl and jowar, where the plants show disease from the beginning, 
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t*.. ... "\“Z\CZ “, t™. .h. 

and appears m the hea . ■ spread fronx plant to 

infection seems to be secondary, as It seems to spie 

Batler found the sporarrgial and 

(oogom^fmS^^n\£-^ j-- “ ““ 
shape and colour, xteoicli ^ , „f 25 measureirrents), 

of the oogonium on bajn is both the forms 

and that on jo war is 41m, an t.’ ™ In all systematic 

oniowarandbairii^^ ^pe fruit 

works which treat of bdeiospoia, m 
are taken as the basis for cKssifioation and ^ 
possible to separate the species ^ difference is 

found in the conidialfoiin . , ^ Jc In both I found as 

the conidiophores as to then si , » . nnbranohed in 

Dr. Butler — “ ^^^k branches dichoto- 

LUr- tXhotomously forn^d at the 

in theh length, the bajri ones being shorter than 

maximum length of the haoripapdl®^ 

and that of jowar ones 16-3,*. ihc spoiang , u^lgtoSlM 
„ u... of Tl. b.ii .,»»«. <7 “ L ' 

diameter, and the jowar sporangia fioni J 

rreter. But the cliief and constant difference is with regard to 
shape of the oonidia and the way they germinate. Ihc baji 

snape . „i;„VitW pointed at the free end and 

sporangia are broadly elhptical, ^ .^^ia are sub- 
germinate by hberatmg zoospores. Tl j P oonidia 

„„ ..nilla at the fi'ee end and germinate hke comdia 
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by a germ- tube and not by zoospores. Tkeso o})serv{itic)ns were 
made for two years, .1910 and 1911, at the kliaiif and .i'al)i. st'asons, 
at different places and on several individuals ol; each, liost, and tlu.^ 
diffe.i.'ences were quite constant. 

Further, I made crossdnoculations of both these Sdemspoim ; 
bajri plants were inoculated with the conidia of the jowar Sclews'pora 
and jowar plants with zoospores of the bajri Sderospora. No 
infection took place in either case. In order to test tliis point 
further, a few affected young bajri plants were transplanted in. a 
jowar plot and a few affected jowar plants in a bajri plot. In both 
the cases the affected plants grew with disease on them, while tlieir 
neighbours did not take the disease at ail. 

One reason for the failure of cross-inoculation might of course 
be that, as noted above, infection probably occurs at the seedling 
stage and not after. It is also possible that the two forms are 
each adapted to its own host like ” biological forms. 

These observations go to show that the bajri and jowar Sderos-' 
pom*' are not one and the same fungus. They diffei.- in their mode of 
attack and hence in the field characters of the diseases. Although 
the first form of attack, which occurs probably at the seedling 
stage, is common to both bajri and jowar, the 2nd and 3rd forms are 
peculiar to jowar alone. The malformations of the heads found in 
bajri never occur in jowar and the leaf-shredding which is so mai'ked 
a character on jowar is much less common on bajri. Each form is not 
only fixed to its host but has modified morphologically also to a. 
certain degree. These differences seem to me to justify us in regard- 
ing the two forms as two distinct varieties, if not species, and the 
following key is suggested for identification. 

Sporangia broadly elliptical, with a papilla at the free end anrl 
germinating by zoospores . . . . . Bderospota fjmndrvMa 

Sporangia sub-orbicular, with no papilla at the free end and 
germinating as conidia by a germ-tube .... B. gramini- 
cola ysiV. Andfopbgonis Sm'gM. 

The way in which the fungus lives from year to year is still a 
mystery. The conidia lose their vitahty after three or four hours. 
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To test wlietlier the mycelmm of the fungus lives in the grain as some 
of the AmeriGan mycologists believe, the grains of both jowar and 
bajri from attacked heads were sown in sterilised soil in pots. The 
plants did not show any disease and produced sound heads. Such 
grains were sectioned for mycelium and examined after staining in 
cotton blue. But no mycelium was seen. The obvious means by 
which it continues are the oospores. But they have resisted all my 
attempts to germinate them in the laboratory. As Dr. Butler says : 

From the regular manner in which the disease appears in certain 
places every year, it is highly probable that germination occurs freely 
in nature under suitable conditions ” and it would be possible to 
germinate them only when those conditions are reached. 

Both the Sclerosforas occur in all places where the two crops are 
grown in the Bombay Presidency, with the exception that the jowar 
Sclerospora has not yet been observed in Gujerat. 

Poona : 

January, 1912. | 
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THE DOWNY MILDEW OF MAIZE 

{Scleros'pora Maydis (Rac. ) Butl, ) 


BY 

E. J. BUTLER, M.B., F.L.S., 

Iniperial Mycologist, 

A disease of maize, not previously known in India, appeal ^ 
on the Piisa harm last year (1912). It was found to be 
with one which causes great damage to this crop in Java, 
is termed by the natives ‘‘lijer” or ‘‘sleepy disease. 
borski*, who first described it in 1897, prophesied its 
from Java to other maize-growing countries in the futuie , i 
certainly of recent appearance at Pusa and it is probable ^ 
has reached India from Java since Kaciborski wrote. P ^ 
present it has not been recorded anywhere else, and we 
information as to its distribution in India or the rest o » on 

eastern Asia. ' ipd 

The disease becomes apparent before the plants have a 
their full growth. The lower leaves are usually normalj u ' , 

upper part of the plant is chlorotic, owing to the disappoaiance. 
the leaf chlorophyll in long streaks (PI. VIII). The growti o 
plant is checked and the internodes frequently shortened so as o 
give a bunchy appearance to the head (PI. IX? Fig. 6). The affectec^ 
plants are easily recognised at a distance, by their pale co oui 
and stunted bunchy growth. Such plants do not usually pi’o nee- 
any grain, though sometimes small cobs are borne. The tasse or 
male inflorescence is more commonly developed and may be 
normal. The whole plant withers and dies, as a rule, s ome wee ^s 

‘ Raeiborski, M. Lijer, eine gefahrliche Maiskraukheit, Ber. cl. Beiitsch, Bol. tie 
XV, 1897, p. 475. 
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before the rest of the crop is ready for harvest. Itaeiliorski 
describes the nraize fields in Central Java as having tlious.inils 
of such diseased plants, the disease being of epideinu* i.ni'(nisii,'\ . 
At Piisa, so far, the cases have been few, but the progi’css o.!. the 
disease will be watched with some anxiety as the crop is an 
extremely important one in Bihar and hitherto remarkably .tree irom 
fungus diseases of any kind. 

The cause is a fungus, named Peromspora Maydia by Ihui.- 
borski. It is visible on cursory examination in the form of white' 
downy or woolly patches on both surfaces of the clilorotk' streaks 
on the leaves. These compose the fruiting or sporiferous stage of 
the fungus, the main body of which occurs as threads or liyplun 
within the tissues of the maize plant. 

These internal hyphm are large, unseptate and pursue a tortuous 
course between the cells of the leaf inesophyll. Lateral swellings 
indent, and perhaps penetrate, the cell walls, acting proliably a,s 
haustoria. When fructification is about to begin, hyplue colhK;t 
in the sub-stomatal air-spaces and from them small (dustej's of c<,uii~ 
diophores arise through the stomata, coming out on both surfaces 
of the lea.i 

The conidiophores are very thick and rather short, being 
UvStially about 20 to 25m in breadth and 150m long, the length, 
however, varying considerably. They are usually imbranclied at 
the base, but fork two or three times near the tip, the end branches 
being stout and provided each with two or more sterigmata (PI. IX, 
Figs. 1 and 3). Each sterigma bears a single conidiuin, which is 
spherical when young but broadly oval when mature. The coiiidia 
fall oh: readily when ripe, leaving the conidiophores devoid «:.)f 
spores. 

The conidia (PL IX, Figs. 1 and 3) are hyaline, thin- wailed, 
not papillate or stalked and measure 28 to 45 by IG to 22//. in dia • 
meter. They germiuate readily in water and may be found ge.rmin - 
atiiig in large numbers on infected leaves in the field. Ono or 
two germ-tubes arise from any part of the spore, giving a s|)uri.figT}' 
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brauched, rather slender hypha, often of considerable length (PI. IX, 
Ficr 4 ) The subsequent fate of the young plant developed troiu 
these spores is not known, the species not havmg been cultivated 
and no successful inoculations from conidia havmg been obtained. 
In hundreds of germinating spores observed, no case of genmna- 

tion by zoospores was seen. • i i 4 . + t 

Raciborski described a second spore form, which he stated 
was found only in the young stem and in the leaf-sheaths of young 
leaves. This he considered to be an oospore. Similar bodies weic 
found in affected plants at Pusa and increased greatly m numbers 
as the plants decomposed. Kg. 5 of PI. IX, shows the chamcter 
of these bodies, agreeing in every respect with those desciibec am. 
fivured bv Eaciborsld. Further examination showed tHt they were 
the resting stage of a species of Protozoa allied to Pam, nmnm. 
This result was not unexpected, as the figure given by aci ois v 
is quite unlike any spore form known to occur m the Perowspo- 
racew. A very thorough search was made for true oospores but 

none were found. . 

From the conidial stage, which alone is known with ceitanity, 
the fungus is a typical Sdewspora. It is quite unlike any ew- 

« I., B.i. M».„V i. i. ..bM a I*™,,.™, 

as the author had not an opportunity of examining any specimens, 
but he states that, in his opinion, it is rather a Sch, -os-pom. 
PammeP has suggested that it is identical with Sckmspom gm,m- 
■nicola (Sacc.) Schroet, the only Sclerospora so far known to possess 
a conidial stage. But a comparison with this species as it occurs 
ill India on Pennisetum typlmdewm, Andropogon korglmm and 
species of Smria\ shows a considerable difference m the size of the 
conidia. which are much larger on Zea Mays than on any of the 
others. — . 

■ BertecrA. N. Snggio di ma moiiograda delle Pemmixman. P-ivista di Patologm 
Vegetalo, X, 1904, p. 219. . ^ „ „„ 

Pimmol L H. Bull. Iowa Geological Survey, 1, lyui, p. 

. fraato, E. J. So.na diBeaaea of Cereal, ea„,ed by mi iu tta 

Dept, of Agi-ic. ia India. Bot. Ser., II, No. 1. 1907, and tbo pop.® by Mr. U. S, Kulkauu 

present Mouioiv, 
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Scleros'pora macrospora Sacc. occurs on inaizc! and un many 
other grasses in Italy*. This species is characterised by tln^ aJ)S(‘m;(^ 
of a conidial stage and the formation of large oospores within the 
affected tissues. Diseased plants can only be distinguis]ie(.i from 
healthy by malformations of the inflorescence, similar to tliose 
observed in Pennisetimi and Setaria attacked by S, grmniiucola. 
There is no alteration in the colour, thickness or consistency of 
the leaves and no disintegration of the tissues such as causes tlie 
peculiar shredding of the leaves noticeable as a result of the action 
of S. gratriimcola. The symptoms described by Italian observers 
differ so essentially from those observed in Java and India that 
it appears to be unlikely that the same fungus can be the cause 
of both. It is possible, of course, that these differences arc due 
to the occurrence of the fungus in two different stages in Europe 
and Asia and that, if the conidial stage of S. mmrospora were 
to develop in Europe, the affected plants would resemble tliose 
observed by Raciborski and myself. Until true oospores are 
obtained in the eastern form, it will not be possible to decide this 
point, but in the meantime it appears to be improbable that the 
cause of “ sleepy '' disease is S. macrospora. It is stated in Duggar’s 
‘ Fungus diseases of Plants ’ ’ that S. macrospora has been reported 
on maize in the United States by Fairchild. I have not been able 
to find the reference and it is not included in Wilson’s Host Index of 
North American Peronospomles^. 

With 8. graminicola there are many points of similarity, espe- 
cially now that a variety of this species is known which has lost 
the power of zoospore formation. The mildew of Andropogon 
Sorghmi, in the 3rd form of attack described by Mr. Kulkarni 
in the preceding paper closely resembles that of maize. Then!; 


^ Sec Ciigini 0. & G. B. Traverse, ha. Sekrospora microspom Sace. jiiu-assita deila Zm 
Mays L. Stazione Sperimentali Agrarie Italiane, XXXV, 1902, i»; 40, D’Jijpolii o, G. & G. B, 
Traverse. La Hdcrospora macrospora Sacc. parassita clelle ijilioresoenze vireHCenti tli Ztm 
Mays L. ih., XXXVI, 1903, i). 975. DTppolito, G. Osservazioni iiitoruo ad aleuuL imuvi eusi 
di fromiescenzu nelle infiorescenze di Granturco, ib,, XXXVIII, 1905, jj. 99«. 

Wilson G. W. Studies in North ilmericau PeroKosporttZes, IV, Host Index Bull. ’I’oriov 
But. Club, XXXV, 1908, p. 543. 
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is the same copious production of conidia on chlorotic streaks 
on the leaves, the same absence of oospores, and the leaves do 
not split longitudinally, as they do in most cases of infection by 
S. graminicola. But the conidia differ so considerably in size 
and shape that it is not safe, in the absence of oospores, to consider 
the two forms to be merely varieties of the one species. For the 
present, therefore, it appears best to preserve the specific rank of 
the maize Sderospora, as S. Maydis (Bac). 

The life-history of the cereal downy mildews, which all belong 
to the present genus, is the most obscure amongst the Peronos- 
fomcecB. Repeated attempts to germinate the oospore have 
failed. The conidia appear to be short-lived. The symptoms 
of the disease point to general infection of the plant, similar to 
what is known in the grain smuts, but whether this infection occurs 
subsequent to germination or results from mycelium already present 
in the grain at the time of sowing, is not known. Peglion^ found 
the mycelium in the pericarp of wheat grains from deformed ears 
of plants attacked by 8. macwsfora and was able to trace its growth 
ill plants developed from these seeds, but only when the grain was 
sown before it ripened fully. I have grown a considerable number 
of plants of Pennisetum from grain gathered from partly deformed 
ears, but without getting a single case of the disease, Kulkarni 
reports similar experiments with both Pennisetum and Sorglmm, 
and neither he nor I have been able to find the mycelium in such 
grains. Further, I found several typical cases of the green ear 
disease of Pennisetum in a plot sown with grain heated by immersion 
in hot water to 65° C., for five minutes, a treatment known to be 
sufficient to kill the mycelium, and even the spores, of the grain 
smuts. It is probable, therefore, and Peglion himself is of the 
same opinion, that infection normally takes place after germination. 
This is most likely to occur through germination of oospores produced 
in the previous crop. 


^ Peglion, V. Ueber die Biologic der Sclerospora, einea Parasiten dev Gramineeu. Cen- 
tralblatt fiir Bakterioiogie, 2nd Ab. XXVIII, 1910, p. 580. 
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Tlic tivnliiKM,!,. on tlio info, lion nl |,„v«.ni ivoilnl,!,. sl,uul,| 
Iw (InvdHl to ,„-,.von(inK 111,. |H.,■si^l,.n,.,. of il„. pain^K,. ,|, 
««,spo,-al Hfcign from t|,.. ,„,.vi„n, K..,. ,hi. j, 

bn suftcont to muovn nn.l , -oy nil |,|n,„,s l„.|,n>. (|„.,, 

wife, book plaute bo onniiy ,.o..„o„in,„l lioM n,,,! 

ong as the disewe tomnins apoi’adio,, thoiv sk,,,,!,! i,.. no apooiul 
difficulty in combating it. ^ 

PusA : 


Januanj Uth, , 1913 . 
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SCLEROSPORA MAYDlS (RAC.) BUTL. 




DKSCRIPTION OF PLATES Vm and [X. 

{Sdernsfom Maydis (Rao.) Butl.) 

Plate mi. 

Ttjp o{ msiifie plant afiected witla downy mildew, reduced to two-ninths 

naturnl si/e, and part of leaf of same in early stage, reduced to one-third. 

Plate IX. 

Fig. I. Two conidiophores. branched towards the top, the end branches 
l>rovided with papilke, some of which bear spores. X 640. 

Fig. 2. Flarly stages of spore formation. The young conidium is splterical. 

X 610. 

Fig. o. Much branched conidiophore with conidia. wlticli ]ia\e become 
separated while mounting. X. 320. 

Fig. 4. Two germinating conidia. X 320. 

Fig. 0. Cystic stage of a Protosoon found in the old leaf-sheaths of maisce 

])bints and c.losely resembling the bodies stated by Raciborshi to be the 
oospores of Sderofiporfi Muydu. X 640. 

Fig. 6. A. maize plant iitfected by Sdem&yoni Maydis, showing tlie manner 
in which the leaves stand out stiffly from the stalk and the bunched 
growth at the apex. Note the tip of the tassel appearing between the 
topmost leaves. 
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